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(57) Sang ch& d¢ cap dén cic dan xuét 5-(1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]-triazin-4-amin dugc thé€ c6 cong thic (I):

a)’

trong d6, R' 12 hydro, clo, metyl hodc metoxy, R? 1a hydro hodc metoxy, véi diéu
kién rang it nhat mot trong s6 R' va R? khong phai 1a hydro, G' 1a clo, (C,;-C,)-
alkyl, (C,-C,)-alkoxycacbonyl, aza-heteroaryl c6 5 canh hodc nhém -CH,-OR?, -
CH,-NRR’ hoac -C(=0)- NR*R® va G? 1a clo, xyano, (C,-C,)-alkyl hoac nhém -
CR*R®*.-0OH, -CH,- NR°R", -C(=0)-NR"R* hoic -CH,-OR", c6 hoat tinh tc
ch€ protein tyrosin kinaza, dén quy trinh di€u ché€ cic hgp chat nay, dén dugc
pham chita cdc hgp chat nay. C4c hgp chat va duge phdm nay 12 hitu hiéu dé diéu
tri céc r6i loan tang sinh t€ bao, cu thé 1a bénh ung thu va bénh khéi u.
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Linh vuc k§ thuét dwoc dé cap

Sang ché d& cap dén cac din xuét 5-(1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]-
triazin-4-amin dugc thé cé hoat tinh Grc ché protein tyrosin kinaza, quy trinh diéu ché
cac hop chét nay, dugc phdm chira cac hop chit nay. Cac hgp chit va dugce phim nay
13 hitu hiéu d& diéu tri cac rbi loan tang sinh t& bao, cu thé 1a bénh ung thu va bénh

khdi u.
Tinh trang k¥ thuit cta sang ché

Bénh ung thu 14 nguyén nhan gdy tir vong hang dAu trén toan thé gidi va ¢6 7,6
tridu ca t vong (khoang 13% trong tdng sb tht ca cac ca tir vong) vao nam 2008. Cac
ca ti vong do bénh ung thu duge dir doan sé tiép tuc ting trén toan thé gidi dén hon 11

triéu nguoi vao nam 2030 (ngudn WHO, Fact Sheet No. 297, February 2011).

Bénh ung thu c6 thé phat sinh theo nhidu c4ch, va ddy 1a mét trong nhiing 1y do
giai thich tai sao viéc diéu tri ching lai gép kho khan. Mot cach d6 1a su bién nap té
bao c6 thé xay ra sau khi c6 su bién ddi di truyén. Viéc hoan thanh du 4n hé gen nguoi
thé hién tinh khong 6n dinh hé gen va tinh khong ddng nhit clia gen gy bénh ung thu
& ngudi. Cac chién Iugc gin ddy dé nhan biét cac bién déi di truyén nay da thic ddy
qué trinh phat hién gen ung thw. Vi duy, tinh bét thuong cua gen o thé dn dén sy bidu
hién qua mirc cia protein va do d6 dén dén sy hoat hoa khong co chirc nang sinh ly cua
cac protein ndy. Mot ho protein ma tir d6 thu duge mot s6 lugng protein gay bénh ung
thu 13 cac tyrosin kinaza va cu thé 13 tyrosin kinaza thu thé (RTK). Trong hai thap ky
qua, nhiéu phwong phap nghién ciru khac nhau da chimg minh tAm quan trong ctlia viéc
phat tin hiéu qua trung gian RTK dbi véi sy sinh truéng té bao bat loi dan dén bénh
ung thu. Trong nhitng ndm gln day, cac két qua day trién vong di dat dugc trong 1am

sang v6i chét irc ché phan tr nho chon loc cua tyrosin kinaza duéi dang nhom chat méi
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chéng su hinh thanh khéi u [Swinney and Anthony, Nature Rev. Drug Disc. 10 (7),
507-519 (2011)].

Cac yéu td sinh truéng nguyén bao soi (FGF) va cac thy thé cla ching (FGFR)
tao ra mdt phan clia hé din truyén don nhit va phong phu ma déng vai tro then chét
trong nhiéu qu4 trinh sinh hoc ma bao gdm céac khia canh khac nhau cta sy phat tridn
phoi va va sinh ly bénh cua nguoi truong thanh [Itoh and Ornitz, J. Biochem. 149 (2),
121-130 (2011)]. Theo cach phu thudc khong gian va thdi gian, cac FGF kich thich
nhiéu chitc ning té bao bao gdm sy di trll, su ting sinh, sy biét hoa va sy séng sét

thong qua viéc gén két FGFR.

Ho FGF bao gém 18 yéu t6 sinh truéng polypeptit dugc tiét ma gin két voi bbn
tyrosin kinaza thu thé dwgc bao toan & mirc cao (FGFR tir 1 dén 4) duoc biéu hién & bé
mit t& bao. Ngoai ra, FGFR-5 c6 thé gén két vi FGF nhung khong c6 mién kinaza va
do d6 khong phat tin hiéu nodi bao. Tinh dic hiéu clia sy trong tac phdi tir/thu thé dugc
ting cudng bdi nhiéu qué trinh phién ma va dich md ma lam xuét hién nhidu isoform
(thé dong dang) bdi sy khoi mao phién ma khac nhau, sy ghép khac nhau va sy cét cut
dAu tan ciing C. Cac heparan sulfat proteoglycan khac nhau (vi du syndecan) c6 thé 1a
mdt phan cua phirc hé FGF/FGFR va tac dong mdt cach manh mé dén kha ning cua
FGF gay ra cac dap ung tin hiéu [Polanska et al., Developmental Dynamics 238 (2),
277-293 (2009)]. FGFR 1la cac thy thé bé mit té bao gdm c6 ba mién twong ti globulin
mién dich ngoai bao, mién xuyén mang don va mién tyrosin kinaza dugc dime hoa ndi
bao. Viéc gin két FGF gitip cho kinaza ndi bao tién lai gin nhau hon, cho phép chiing
transphosphoryl hoa v&i nhau. Bay vi tri phosphoryl hoa dd dugc nhan dang (vi du,
trong FGFR-1 Tyr463, Tyr583, Tyr585, Tyr653, Tyr654, Tyr730, va Tyr766).

Mot s trong sd cac nhom phosphotyrosin nay hoat déng nhu cac vi tri 1dp ghép
d6i v6i cac phan tir phat tin hidu xubi dong ma tu ban than ching ciing c6 thé dugc
phosphoryl hoa mot cach truc tiép bdi FGFR, din dén su hoat hoa nhiéu con dudng
truyén tin hiéu. Do do, tAng truyén tin hiéu MAPK c6 lién quan dén sy sinh trudng va

biét hoa té bao, tng truyén tin hiéu PI3K/Akt c6 lién quan dén su sbéng sét clia t& bao
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va quyét dinh sb phan cia t& bao, trong khi cac tAng truyén tin hiéu PI3K va PKC c6
chirc nang kiém soat tinh phan cyc té bao. Vai chét rc ché ngugc cia viée phat tin hidu
FGF hién da duoc nhén dang va bao gdm cac thanh phan thudc ho Spry (Sprouty) va
Sef (su biéu hién tuong tu voi FGF). Ngoai ra, trong mot s diéu kién, FGFR duoc giai
phong tr mang tién Golgi vao phan bao tan. Thu thé ndy va phébi tir cia nd, FGF-2,
dwoc ddng van chuyén vao nhén bdi co ché ma bao gdm importin, va dugc tham gia
vao phtrc hé protein gén két CREB (CBP), chét déng hoat hoa phién ma chung va thiét
yéu ma hoat déng nhu nhén t6 chon xung hoat hoa gen. Nhiéu sy tvong quan giita su
biéu hién méd hoa hoc mién dich cia FGF-2, FGFR-1 va FGFR-2 va su dinh vi cla
ching trong té bao chit va nhén té bao khéi u di dwoc quan sat. Vi du, & bénh ung thu
bidu mo t& bao tuyén cta phdi, sy két hop nay cling dugc phat hién & nhan, lam ndi bét
vai tro tich cuc cua phirc hé nay & nhin [Korc and Friesel, Curr. Cancer Drugs Targets

5, 639-651 (2009)].

Cac FGF dugc bidu hién rong rdi & ca cac md dang phat trién va cdc md trudng
thanh va déng vai trd quan trong trong nhiéu qué trinh thong thuong va bénh ly, bao
gbm sy phat trién mo, sy tai sinh mo, sy hinh thanh mach, su bién nap ung thu, sy di
tri cua t& bao, su biét hoa té bao va sy sdng sot cua t& bao. Ngoai ra, cac FGF véi tu
cach 1a cac yéu tb tién tao mach ciing c6 lién quan dén viéc xult hién hién tugng khang
voi sy e ché thu thé yéu tb sinh truéng ndi md mach 2 (VEGFR-2) [Bergers and
Hanahan, Nat. Rev. Cancer 8, 592-603 (2008)].

Profin gdy ung thu gin ddy ctia mang luéi phat tin hiéu da chimg minh vai tro
quan trong cta viéc phat tin hiéu FGF khac thuong voi sy xuét hién ciia mot sd bénh
ung thu phd bién & nguoi [Wesche et al., Biochem. J. 437 (2), 199-213 (2011)]. Viéc
phat tin hiéu co dinh FGFR ddc 14p phdi tir da duge mo ta trong nhiéu bénh ung thu &
ngudi, nhu bénh ung thu ndo, bénh ung thu ddu va cd, bénh ung thu da day va bénh
ung thu budng trimg. Cac dang dot bién FGFR ciing nhu cac chuyén vi bén trong gen
FGFR dugc nhan thiy & cac khdi u ac tinh nhu cAc bénh ting sinh tuy. Thi vi 13, céc
dot bién gibng nhau dugc cho 1a nguyén nhén cia nhidu réi loan phat trién ciing dugc

tim thay trong céc t& bao khdi u (vi du, cac dot bién dugc tim thdy trong chimng loan



20601

san sun va loan san gdy chét, ma gay ra sy dime hoa va do d6 gay ra sy hoat hoa co
dinh clia FGFR-3, ciing thudng duoc tim thiy & bénh ung thu bang quang). Sy dot bién
ma thic ddy sy dime hoa chi 1a mét co ché ma c6 thé lam ting viée phét tin hiéu doc
1ap phéi tir tir cac FGFR. Cac ddt bién khac duoc dinh vi bén trong hodic bén ngoai
mién kinaza ctia FGFR c6 thé lam thay d6i cdu hinh cia mién nay lam cho cac kinaza

¢0 hoat tinh 14u dai.

Su khuéch dai clia viing nhidm sic thé 8p11-12, vi tri cia FGFR-1 trong hé gen,
1a sy khuéch dai chi yéu phd bién & bénh ung thu va va xut hién & khoang 10% bénh
ung thu vi, chi yéu 1a & bénh ung thu dwong tinh thy thé oestrogen. Cac khuéch dai
FGFR-1 ciing dugc bao cao & bénh caxinom vay khéng té bao nhd & phdi va dugc tim
thdy véi ty 16 méc phai thip & bénh ung thu budng trimg, bénh ung thu bang quang va
xacOm co van. Tuong tu, khoang 10% bénh ung thu da day thé hién sy khuéch dai
FGFR-2, ma di kém voi sy tién luong bénh kém, cac bénh ung thu dang lan téa. Hon
nira, nhan thiy nhidu dang da hinh nucleotit don 1¢ (SNP) dugc dinh vi trong cac
FGFR tir 1 dén 4 co twong quan v6i nguy co gia ting vé s phat trién cac bénh ung thu
chon loc hodc dé c6 bao cao ring nhiéu dang da hinh nucleotit don 1é (SNP) duoc dinh
vi trong cac FGFR tir 1 dén 4 c6 lién quan dén tién luong bénh kém (vi du, alen FGFR-
4 G388R & bénh ung thu v, bénh ung thu rudt két va bénh caxinom tuyén phdi). Vai

tro truc tiép cua cac SNP nay dé thic ddy bénh ung thu vin con gy tranh cai.

Tom lai, sb lugng 16n cac nghién clru in vitro va in vivo duge thuc hién xéac
nhan cac FGFR tir 1 dén 4 1a cac dich quan trong trong bénh ung thu va cac bai tdng
quan toan dién di tdng két cac phat hién nay [xem, vi du 4n phim: Heinzle et al.,
Expert Opin. Ther. Targets 15 (7), 829-846 (2011); Wesche et al., Biochem. J. 437 (2),
199-213 (2011); Greulich and Pollock, Trends in Molecular Medicine 17 (5), 283-292
(2011); Haugsten et al., Mol. Cancer Res. 8 (11), 1439-1452 (2010)]. Vai chién lugc
da duoc tudn theo dé lam suy giam viéc phat tin hiéu FGFR tir 1 dén 4 bit thuong &
céc khdi u ctia nguoi bao gdm viée phong bé cac khang thé va cac chit irc ché phan tir

nhd, ngoai céc chién lwgc khac. Mét sb cht irc ché FGFR phén t&r nho chon loc hién
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dang trong qué trinh phat trién 14m sang, nhu AZD-4547 (AstraZeneca) va BIG-398
(Novartis).

BAt k& cac tién bd dang ké ma thuong dat dugc trong liéu phap diéu tri bénh ung
thu trong nhimg nam gin day, van ludn c6 nhu cdu tim kiém cac hop chét chéng ung
thu moi vai cac dic tinh duoc cai thién, nhu hiéu luc cao hon, tinh chon loc 16n hon,
doc tinh giam va/hodc tinh dung nap t6t hon. Do d6, van dé ky thuat dugc giai quyét
theo sang ché co thé dugc nhin thiy trong viéc tao ra cac hop chét thay thé c6 hoat tinh
trc ché dbi voi FGFR kinaza, do d6 tao ra cac lya chon diéu tri méi dé diéu tri cac bénh

qua trung gian FGFR, cu thé 1 bénh ung thu va cac rdi loan ting sinh té bao khac.

Céc chét (rc ché hetero-5,6 kinaza hai vong dugc ngung tu mang phén tir thé
heteroaryl hai vong c6 9 hodc 10 canh 1in lugt duge boc 1§ trong WO 2007/061737-A2
va WO 2005/097800-A1. Cac hop chét nay dwoc tuyén bd 1a hitu ich dé didu tri bénh
ung thu va cac bénh khac do tac dung tc ché cta ching d6i véi mTOR (dich cla
Rapamycin & dong vat c6 vi) va/hosic IGF-1R (thu thé yéu té sinh trudng twong tu
insulin typ 1) kinaza. Cac ciu tric khudn mau hetero-5,6 hai vong khac c6 lién quan
dén sy (rc ché kinaza da dwoc mo ta trong, khong ké cac tai liéu khac, cong bd don

quéc t& s6 WO 01/19828-A2, WO 2007/079164-A2 va WO 2010/051043-A1.

Céc din xuét 4-aminopyrolo[2,1-f][1,2,4]triazin v&i cac profin e ché khac nhau
khéng lai mot sé protein kinaza di dugc mé ta trong, khong ké cac tai liéu khac, cong
b don qubc t& s6 WO 00/71129-A1, WO 2007/056170-A2, WO 2007/061882-A2,
WO 2007/064932-A2, WO 2009/136966-A1, va WO 2010/126960-A1.

Trong cdng bd don qudc té s6 WO 2005/121147-A1, WO 2007/064883-A2 va
WO 2007/064931-A2, cac din xuét 4-aminopyrolo[2,1-f][1,2,4]triazin chra nhom
diarylure dugc thé & vi tri 5 dwgc md ta 1a ¢6 hoat tinh ché FGFR-1. Tuy nhién, cac
tyrosin kinaza thy thé khac, dic biét 1a VEGFR, PDGFR va Tie-2 kinaza, cling bi Grc
ché mdt cach dang k& boi nhém cac hop chit cu thé nay. Do c6 gia thuyét rang hoat
tinh da kinaza nhu vy c6 thé din dén sy gia tang cac tac dung phuy tiém 4n c6 trong

thoi gian diéu tri.
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Ban chét k§ thuat cia sang ché

Muc dich cua sang ché 1a tim kiém cac chit méi cd tinh chon loc dbi véi FGFR
kinaza dugc cai thién, do dd tao ra cac lya chon mdi dbi voi liéu phap diéu tri bénh ung

thu ¢6 thé dung nap t6t hon.

Ngac nhién 13, céc tac gia sang ché da phat hién ra ring mot s6 din xuét 4-
aminopyrolo[2,1-f][1,2,4]triazin mang gbc benzothiophen-2-yl dugc thé cu thé & vi tri
5 thé hién sy @c ché tiém nang va chon loc FGFR kinaza, déng chu y la FGFR-1 va
FGFR-3 kinaza, khién cho céc hop chit ndy dic biét hitu dung dé diéu trj cac réi loan

tang sinh t& bao, nhu bénh ung thu va bénh khbi u.

Do d6, theo mot khia canh, sang ché dé xuit cac dan xult 5-(1-benzothiophen-
2-yD)pyrolo[2,1-f][1,2,4]triazin-4-amin dugc thé hai lan & vi tri 6,7 ¢4 cong thirc chung
@:

@,
trong do,
R!  Iahydro, clo, metyl hodc metoxy,
R?  lahydro hodc metoxy,
véi didu kién ring it nhat mét trong s6 R! va R? khong phai la hydro,

G! 1a clo, (C1-Cs)-alkyl, (Ci-Cs)-alkoxycacbonyl, aza-heteroaryl c6 5 canh, hodc
nhém -CH,-OR3, -CH2-NR*R? hoic -C(=0)-NR*RS, trong do:
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la hydro, (C1-C4)-alkyl, (C3-Cs)-xycloalkyl hodc phenyl, trong do:

(/) (Ci-Cs)-alkyl ndy tuy y dugc thé bang hydroxy, (Ci-Cs)-alkoxy,
hydroxycacbonyl, (Ci-Cs)-alkoxycacbonyl, amino, aminocacbonyl,
mono-(C;-Cs)-alkylaminocacbonyl, di-(Ci-Cs)-alkylaminocacbonyl,
(C3-Cs)-xycloalkyl hoic dén ba nguyén tir flo,

va

(if) (C3-Ce)-xycloalkyl nay tuy y duoc thé bing mot hodc hai phan tir thé

ddc 1ap dugc chon tir nhom gdm c6 (Ci1-Ca)-alkyl, hydroxy va amino,
va

(iii) phenyl ndy tuy y dugc thé bing mét hodc hai phin tir thé doc 1ap
duoc chon tir nhém gdm c6 flo, clo, bromo, xyano, triflometyl,

triflometoxy, (C1-Ca)-alkyl va (C1-Cs)-alkoxy,
la hydro hodc (Ci-Cs)-alkyl,

la hydro, (Ci-Cs)-alkyl, (Ci-Cs)-alkylcacbonyl, (C3-Ce)-xycloalkyl hodc
heteroxycloalkyl ¢6 tir 4 dén 6 canh, trong do:

(i) (Ci1-Cs)-alkyl nay tuy y dugc thé bang hydroxy, (Ci-Cs)-alkoxy,
hydroxycacbonyl, (Ci-Cs)-alkoxycacbonyl, aminocacbonyl, mono-
(C1-Cy)-alkylaminocacbonyl, di-(Ci-C4)-alkylaminocacbonyl hodc
(C3-Ce)-xycloalkyl,

va

(if) (C3-Cg)-xycloalkyl ndy tuy y duoc thé bing mét hodc hai phin tir thé

doc 1ap dugc chon tir nhom gdm cb (Ci-Cs)-alkyl, hydroxy va amino,

va
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(iti) heteroxycloalkyl ¢ tir 4 dén 6 canh nay tuy ¥ duoc thé bang mot
hoic hai phan tir thé doc 1ap dugc chon tir nhom gdm cd (C1-Ca)-

alkyl, hydroxy, oxo va amino,

R®  la hydro, (C1-Cs)-alkyl, (C3-Ce)-xycloalkyl hodc heteroxycloalkyl co tir 4

dén 6 canh, trong do:

(/) (Ci-Cs)-alkyl nay tuy y dugc thé bing hydroxy, (Ci-Ca)-alkoxy,
hydroxycacbonyl, (C;-Cs4)-alkoxycacbonyl, amino, aminocacbonyl,
mono-(C1-Cy)-alkylaminocacbonyl, di-(Ci-C4)-alkylaminocacbonyl
hodc (C3-Ce)-xycloalkyl,

va

(if) (C3-Cs)-xycloalkyl ndy tuy y duoc thé bing mét hodc hai phan tir thé

doc lap dugc chon tir nhom gdm c6 (C1-Ca)-alkyl, hydroxy va amino,
va

(iii) heteroxycloalkyl co tir 4 dén 6 canh nay tuy y duoc thé bang mét
hodc hai phan tir thé doc 14p duogc chon tir nhém gdm cd (C1-Ca)-

alkyl, hydroxy, oxo va amino,
hoac

R* va RS, hodc R* va RS, mot cach twong g, duogc lién két va, cung voi nguyén
tr nito ma ching gén vao, tao ra vong heteroxycloalkyl mdt vong no cé
tir 4 dén 7 canh ma c6 thé chira nguyén tir khac loai thir hai trén vong
dwoc chon tr N(R7) va O, va n6 co thé duoc thé trén nguyén tir cacbon
vong bing mot hodc hai phan tir thé doc 1ap duge chon tir nhom gdm cd

(Ci-Cs)-alkyl, oxo, hydroxy, amino va aminocacbonyl, va trong do:

R7  lahydro, (Ci-Cs)-alkyl, formyl hodc (C1-Cs)-alkylcacbonyl,
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la clo, xyano, (Ci-Cs)-alkyl, hoic nhom -CR3AR®B-OH, -CH,-NR°R!,
-C(=0)-NR!"'R!? hoic -CH,-ORY, trong do:

R34 va R®B doc lap duoc chon tir nhém gdm c6 hydro, (Ci-Cs)-alkyl,

R}O

I{u

xyclopropyl va xyclobutyl,
1a hydro hodc (Ci-Cas)-alkyl,

1a hydro, (Ci-Cg)-alkyl, (C1-Cs)-alkylcacbonyl, (C3-Ce)-xycloalkyl hoic
heteroxycloalkyl c6 tir 4 dn 6 canh, trong do:

(/) (Ci-Ca)-alkyl nay tuy y dugc thé bing hydroxy, amino, amino-
cacbonyl, mono-(C;-Cs)-alkylaminocacbonyl hodc di-(Ci-Cs)-alkyl-

aminocacbonyl,
va

(if) (Cs3-Ce)-xycloalkyl nay tuy y dwoc thé bing médt hodc hai phin tir thé

doc 1ap dugc chon tir nhém gdm c6 (Ci-Ca)-alkyl, hydroxy va amino,
va

(iii) heteroxycloalkyl cé tir 4 dén 6 canh nay tuy y duoc thé bing mot
hodc hai phan tir thé doc 1ap duge chon tir nhém gdém co (Ci-Ca)-

alkyl, hydroxy, oxo va amino,
la hydro hodc (C1-Cq)-alkyl,

la hydro, (Ci-Cas)-alkyl, (C3-Cs)-xycloalkyl hodc heteroxycloalkyl co tur 4
dén 6 canh, trong do:

(i) (C1-Ca)-alkyl nay tuy y dugc thé bang hydroxy, amino, amino-
cacbonyl, mono-(Ci-Cs4)-alkylaminocacbonyl hodc di-(Ci-Cs)-alkyl-

aminocacbonyl,

va

-10-
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(if) (C3-Cs)-xycloalkyl ndy tuy ¥ duoc thé bang mot hodc hai phén tir thé

doc lap duoc chon tir nhom gdm c6 (C1-Ca)-alkyl, hydroxy va amino,
va

(iii) heteroxycloalkyl c6 tir 4 dén 6 canh nay tuy ¥ dugc thé bang mot
hodc hai phan tr thé doc 14p dugc chon tir nhém gdm cb (C1-Ca)-

alkyl, hydroxy, oxo va amino,
hodc

R® va R, hodc R!! va R!2, mot cach twong tmg, duoc lién két va, cing véi
nguyén tir nito ma ching gén vao, tao ra vong heteroxycloalkyl mot vong
no ¢ tir 4 dén 7 canh ma c6 thé chira nguyén tir khac loai thir hai trén
vong duge chon tir N(R'3), O, S va S(O)2, va n6 co thé duge thé trén
nguyén tr cacbon vong bang dén ba phan tir thé doc 1ap duge chon tr
nhém gbm c6 flo, (Ci-Cs)-alkyl, oxo, hydroxy, amino va aminocacbonyl,

va trong do:

R 14 hydro, (Ci-Cs)-alkyl, (C3-Cs)-xycloalkyl, formyl hodc (Ci1-Cs)-
alkylcacbonyl,

va

RIS 13 (C1-Ca)-alkyl,
voi diéu kién rang G! khdng phai 1a clo khi G? 1a clo hodc xyano.
M ta chi tiét sang ché

Céc hop chét theo sang ché ciing co thé tdn tai & dang mudi, solvat clia ching

va/hodc solvat cua mudi nay.

Chc hop chit theo sang ché 14 cac hop chét c6 cong thire (I) va mudi, solvat cua

chiing va solvat cia mudi, cac hgp chét dugc bao gém trong cong thire (I) ¢6 cac cong
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thitc (I-A), (I-B), (I-C), (I-D) va (I-E) dugc ké dén sau ddy va cac mudi, solvat clia
chiing va solvat cia mudi va cac hop chit dugc bao gdm trong cong thirc (I) va dugce
ké dén sau day dudi dang cac san phdm clia quy trinh va/hodc cc vi du cta phuong an
va mudi, solvat ctia ching va solvat cia mubi, trong d6 cac hop chit dugc bao gdm
trong cong thirc (I) va dugc ké dén sau day khong phai 1 mudi sin c6, solvat va solvat

cua cac muoi.

Céc mudi dé ding cho cac myc dich ctia sang ché nay t6t hon 1a mudi dugc dung
cla cac hop chit theo sang ché (vi du, xem 4n phdm: S. M. Berge et al.,
"Pharmaceutical Salts", J. Pharm. Sci. 1977, 66, 1-19). Cac mudi ma tu ban than ching
khong thich hop dé ding trong dugc phim nhung c6 thé dugc st dung, vi du, dé tach

hoic tinh ché cac hop chit theo sang ché cling dugc bao gdm.

Mudi duoc dung bao gdm cac mudi cdng axit cua cac axit vo co, axit carboxylic
va axit sulfonic, vi du, cac mubi cua axit clohydric, axit bromhydric, axit sulfuric, axit
phosphoric, axit metansulfonic, axit etansulfonic, axit benzensulfonic, axit
toluensulfonic, axit naphthalendisulfonic, axit formic, axit axetic, axit trifloaxetic, axit
propionic, axit lactic, axit tartaric, axit malic, axit Xitric, axit fumaric, axit maleic va

axit benzoic.

Muébi dugc dung ciing bao gdm cac mubi cia cic bazo thong thudng, vi du va
t6t hon 1a cac mudi kim loai kiém (vi du cac mudi natri va kali), cac mudi kim loai
kidm thd (vi du cac mubi canxi va magie), va cic mudi amoni thu dugc tir amoniac
hodc cac amin hitu co, nhu & minh hoa va tét hon 1 etylamin, dietylamin, trietylamin,
N, N-diisopropyletylamin, monoetanolamin, dietanolamin, trietanolamin, dimetylamino-
etanol, dietylaminoetanol, procain, dixyclohexylamin, dibenzylamin, N-metyl-

morpholin, N-metylpiperidin, arginin, lysin va 1,2-etylendiamin.

Solvat theo sang ché dung dé chi cac dang clia cic hop chit theo séng ché ma
tao ra phirc chét & trang thai rén hogc 1ong nho sy két hop véi cac phan tr dung méi
theo hé sb ty luong. Hydrat 1a dang ddc biét cua solvat, trong do hop chét dugc két hop

véi nude. Hydrat 13 solvat dwgc uu tién theo sang ché.
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Céc hop chit theo sang ché c6 thé, do ban chét cua cac tim khong dbi xing
hodc do sy quay bi gidi han, c6 mit & dang cac chit ddng phan (chit dong phan dbi
anh, chit ddng phan khéng dbi quang). Chét ddng phan bt ky ¢6 thé co mit trong do
tam khong d6i ximg 1 & cAu hinh (R)-, (S)-, hoic (R,S).

Ciing s& dugc danh gia cao rang khi hai hodc nhiéu tdm khong d6i xing c6 mat
trong cac hop chét theo sang ché, thuong c6 thé co vai chit ddng phan khong dbi
quang va chit ddng phan dbi anh ¢ chu tric nhur da dwoc minh hoa, va cac chit dong
phén khong d6i quang tinh khiét va chit dong phan dbi anh tinh khiét 1a cac phuong 4n
dugc uu tién. Pugc du dinh ring chit ddng phan 14p thé tinh khiét, chit déng phan
khong dbi quang tinh khiét, chit ddng phan dbi anh tinh khiét va hdn hop cua ching,

déu thudgc pham vi bao ho cua sang che.

Céc chét dong phan hinh hoc phu thudc vao ban chit cia cac phan tir thé d6i
v6i lién két doi hodc vong c6 thé c6 mit & dang cis (= Z-) hoic trans (= E-) va ca hai

dang dong phén nay déu thudc pham vi bao hod cua sang ché.

T4t ca cac chit ddng phén, bat ké 1a da dugc tach, tinh khiét, tinh khiét mot
phén hoic & dang hdn hop raxemic, ctia hop chit theo sang ché déu dugc bao gdbm
trong pham vi bao ho cia sang ché. Viéc tinh ché cac chit ddng phan nay va viéc tach
hdn hop chit ddng phan nay c6 thé dugc thyc hién bdi cac ki thuit chuén dwogc biét
dén trong linh vuc nay. Vi du, hdn hop chit déng phan khong dbi quang c6 thé dugc
tach thanh cac chét dong phan riéng ré bing cac quy trinh sic ky hoic két tinh va cac
raxemat cO thé duoc tach thanh cac chit ddng phan dbi anh twong tmg bang cac quy

trinh sic ky trén cac pha khong d6i xtng hoic bang cach phan giai.

Ngoai ra, tat ca cac dang tautome co thé co cua cac hgp chat dugc mo ta trén

day déu thudc pham vi bao h ciia sang ché.

Sang ché ciing bao gdm tit ca cac bién thé ddng vi thich hop cta cic hop chit
theo sang ché. Bién thé ddng vi cta hop chét theo sang ché dugc hiéu c6 nghia 1a hop

chét trong d6 it nhit mdt nguyén tir nim trong hop chit theo sang ché dugc thay thé
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thanh nguyén tir khac c6 clng sb nguyén tir, nhung c6 khdi lwong nguyén tir khac voéi
khéi lwong nguyén tr ma thudng hodc chi yéu xuét hién trong tu nhién. Cac vi du vé
cac ddng vi ma co thé dwoc hop nhét vao hop chit theo sang ché 1a cac ddng vi cia
hydro, cacbon, nito, oxy, flo, clo, brom va iot, nhu 2H (doteri), 3H (triti), *C, 1“C, 1N,
170, 180, 18F, 36C1, 82Br, 1231, 1241, 129] va 13![. Cac bién thé ddng vi cu thé cua hop chit
theo sang ché, dic biét 1a cac ddng vi trong d6 mot hodc nhidu chit déng vi phong xa
dwoc hop nhét, c6 thé ¢ loi, vi du, dbi voi viéc thir nghiém co ché hoat dong hodc co
ché phan b hoat chét trong co thé. Do kha ning diéu ché va kha nang phat hién twong
d6i dé dang, dic biét 1a cac hop chit dugc danh ddu bang cac chit ddng vi *H hoic “C
1a thich hop cho muc dich nay. Ngoai ra, viéc két hop cac chat dong vi, vi du doteri, co
thé dan dén cac loi ich diéu tri cu thé do c6 d6 6n dinh chuyén hoa 16n hon cta hop
chét, vi du su kéo dai chu ky béan ra trong co thé hodc su giam liéu lwong hoat chit cin
ding. Do d6, trong mdt sb fruc'mg hop nhitng cai bién nhu vay cla cac hop chit theo
sang ché ciing ¢6 thé cAu thanh phuong an dugc wu tién cia sang ché. Cac bién thé
ddng vi cia cac hop chét theo sang ché c6 thé dugc tao ra bing cac quy trinh da duogc
ngudi c6 hidu biét trung binh trong linh vuc nay biét dén, vi du bang cac phuong phap
dwgc mé ta dudi ddy va cac phuong phap duge mb ta trong cac vi du diéu ché, bing
cach str dung cac bién dbi ddng vi trong g ciia cac chit phan tng cu thé va/hodc cac

hop chét ban dau trong cac phwong phap nay.

Theo sang ché, cac phan tur thé va cac cac goc co nghia sau day, trir khi ¢6 quy

dinh khac:

(C1-C4)-Alkyl theo sang ché 1a gbc alkyl mach thing hodc mach nhanh c6 tir 1
dén 4 nguyén tr cacbon. Vi du c6 thé ké dén va tSt hon 1a: metyl, etyl, n-propyl,

isopropyl, n-butyl, iso-butyl, sec-butyl, va tert-butyl.

(C1-C4)-Alkoxy theo sang ché 1a gbc alkoxy mach thing hodc mach nhanh c6 tir
1 dén 4 nguyén tir cacbon. Vi du c6 thé ké dén va tét hon 1a: metoxy, etoxy, n-propoxy,

isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, va tert-butoxy.
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Mono-(C1-Cs)-alkylamino theo sang ché 1a nhom amino c6 phan tir thé alkyl
mach thing hodc mach nhanh ma chira tr 1 dén 4 nguyén tir cacbon. Vi du c6 thé ké
dén va t6t hon la: metylamino, etylamino, n-propylamino, isopropylamino, -

butylamino, va tert-butylamino.

Di-(Ci-C4)-alkylamino theo sang ché 1a nhom amino c6 hai phan tir thé alkyl
mach thing hodc mach nhanh gidng nhau hodc khac nhau ma mdi nhém chira tr 1 dén
4 nguyén tir cacbon. Vi du c6 thé k& dén va t6t hon 1a: N, N-dimetylamino, N, N-dietyl-
amino, N-etyl-N-metylamino, N-metyl-N-n-propylamino, N-isopropyl-N-metylamino,
N-isopropyl-N-n-propylamino, N,N-diisopropylamino, N-n-butyl-N-metylamino, va N-
tert-butyl-N-metylamino.

(C1-Cq)-Alkylcacbonyl theo sang ché 1a gbc alkyl mach thing hodc mach nhanh
¢ tir 1 dén 4 nguyén tir cacbon ma dugc gin két voi phan con lai cia phan tir qua
nhoém cacbonyl [-C(=0)-]. Vi du c6 thé ké dén va t6t hon la: axetyl, propionyl,
n-butyryl, iso-butyryl, n-pentanoyl, va pivaloyl.

(C1-Cs)-Alkoxycacbonyl theo sang ché 1a gbc alkoxy mach thing hodc mach
nhanh c6 tir 1 dén 4 nguyén tir cacbon ma dugc gin két véi phin con lai cia phén tir
qua nhém cacbonyl [-C(=0)-]. Vi du c6 thé ké dén va t6t hon la: metoxycacbonyl,
etoxycacbonyl, n-propoxycacbonyl, isopropoxycacbonyl, n-butoxycacbonyl, va tert-

butoxycacbonyl.

Mono-(C1-Ca)-alkylaminocacbonyl theo sang ché 1a nhém amino ma dugc gin
két v4i phan con lai ctia phan tr qua nhoém cacbonyl [-C(=0)-] va né ¢ phan tir thé
alkyl mach thing hodc mach nhanh c6 tir 1 dén 4 nguyén tir cacbon. Vi du c6 thé ké
dén va tbt hon 1a: metylaminocacbonyl, etylaminocacbonyl, n-propylaminocacbonyl,

isopropylaminocacbonyl, n-butylaminocacbonyl, va tert-butylaminocacbonyl.

Di-(C1-C4)-alkylaminocacbonyl theo sang ché 1a nhém amino ma dwgc gin két
v6i phén con lai ciia phan tir qua nhém cacbonyl [-C(=0)-] va né ¢ hai phan tir thé

alkyl mach théng hodc mach nhanh giéng nhau hoic khac nhau trong mdi trudng hop
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co tir 1 dén 4 nguyén tir cacbon. Vi du c6 thé ké dén va t&t hon 1a: N, N-dimetylamino-
cacbonyl, N, N-dietylaminocacbonyl, N-etyl-N-metylaminocacbonyl, N-metyl-N-n-
propylaminocacbonyl, N-isopropyl-N-metylaminocacbonyl, N,N-
diisopropylaminocacbonyl, ~N-n-butyl-N-metylaminocacbonyl, va N-tert-butyl-N-

metylaminocacbonyl.

(C3-Ce)-Xycloalkyl theo sang ché 1a vong cacbon mdt vong, no cb tir 3 dén 6
nguyén tir cacbon vong. Vi du c6 thé ké dén: xyclopropyl, xyclobutyl, xyclopentyl, va

xyclohexyl. Pugc wu tién la xyclopropyl va xyclobutyl.

Heteroxycloalkyl c6 tir 4 dén 7 canh va heteroxycloalkyl c6 tir 4 dén 6 canh theo
sang ché 1a di vong, mdt vong no c6 tir 4 dén 7 hodc theo cach tuong tng, co tong sb
tir 4 dén 6 nguyén tr vong, ma chira mot hodc hai nguyén tir khac loai trén vong gidng
nhau hodc khac nhau dugc chon tir nhém gdm c6 N, O, S va S(O)2, va n6 c6 thé dugc
lien k&t qua nguyén tir cacbon vong hoic qua nguyén tir nito trén vong (néu co).
Heteroxycloalkyl ¢6 tir 4 dén 6 canh chita mét nguyén tir nito trén vong va tuy y mot
nguyén tr khac loai trén vong khac dugc chon tir nhém gdm c¢6 N, O hodc S(O), 1a
duoc vu tién. Heteroxycloalkyl c6 5 hodc 6 canh chira mdt nguyén tir nito trén vong va
tuy y mot nguyén tir khac loai trén vong khac dugc chon tir N hodc O 1a dugc uu tién
dic biét. Vi du c6 thé ké dén: azetidinyl, oxetanyl, thietanyl, pyrolidinyl, pyrazolidinyl,
imidazolidinyl, tetrahydrofuranyl, thiolanyl, 1,1-dioxidothiolanyl, 1,2-oxazolidinyl,
1,3-oxazolidinyl, 1,3-thiazolidinyl, piperidinyl, piperazinyl, tetrahydropyranyl, tetra-
hydrothiopyranyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,2-oxazinanyl, morpholinyl, thiomor-
pholinyl, 1,1-dioxidothiomorpholinyl, azepanyl, 1,4-diazepanyl, va 1,4-oxazepanyl.
Pugc wu tién 14 azetidinyl, pyrolidinyl, pyrazolidinyl, imidazolidinyl, 1,2-oxazolidinyl,
1,3-oxazolidinyl, piperidinyl, piperazinyl, 1,2-oxazinanyl, morpholinyl, va thiomorpho-

linyl. Pac biét duge wu tién 1a pyrolidinyl, piperidinyl, piperazinyl, va morpholinyl.

Aza-heteroaryl ¢6 5 canh theo sang ché 1a gbc di vong thom (di thom) c6 tong
s& 5 nguyén tir trén vong ma chira it nhit mot nguyén tit nito trén vong va tuy y mot

hoic hai di nguyén tr trén vong khac dugc chon tir N, O va/hodc S, va n6 dugce lién két
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qua nguyén tir cacbon trén vong hodc tuy y qua nguyén t nito trén vong (khi dugc cho
phép vé hoa tri). Aza-heteroaryl ¢ 5 canh chira mdt nguyén tir nito trén vong va mot
ho#c hai nguyén t khac loai trén vong khac dugc chon tir N va/hodc O la duge uu
tién. Vi du c6 thé k& dén: pyrolyl, pyrazolyl, imidazolyl, oxazolyl, thiazolyl, isoxazolyl,
isothiazolyl, triazolyl, oxadiazolyl, va thiadiazolyl. Pugc wu tién la pyrazolyl,

imidazolyl, oxazolyl, isoxazolyl, va oxadiazolyl.

Phan tr thé oxo theo sang ché 1a nguyén tir oxy, ma dugc gin két vao nguyén tir

cacbon qua lién két doi.

Theo sang ché, dbi vai tht ca cac gbc ma xuét hién vai 1an, nghia clia né 1a doc
1ap véi nhau. Néu cac gbc trong cac hop chét theo sang ché 13 dugc thé, thi cac gbe cd
thé duge thé mot 1an hodc nhidu 14n, trir khi c6 quy dinh khac. Sy thé bdi mot hoic hai
hodc ba phdn t&r thé giéng nhau hoic khac nhau 1a dugc wu tién. Su thé bdi mot hodc

hai phin tir thé gidng nhau hogc khac nhau 1a duge wu tién mot cach dic biét.

Theo phuong 4n dugc wu tién, sang ché dé cap dén cac hop chit cd cong thirc

chung (1), trong do:
R!  1aclo, metyl hodc metoxy,
R?  la hydro hodc metoxy,

G!  1a clo, (Ci-Cs)-alkyl, (Ci-Cs)-alkoxycacbonyl hodc aza-heteroaryl c6 5 canh
duge chon tir nhom gdém cb pyrazolyl, imidazolyl, oxazolyl, isoxazolyl va

oxadiazolyl, hodc 12 nhém -CH»-OR? hodc -CH2-NR*R3, trong do:
R3  1ahydro, (Ci-Cs)-alkyl hodc (C3-Cs)-xycloalkyl,

trong do, (C1-Cs)-alkyl ndy tuy y dugc thé bing hydroxy, (C1-Cs)-alkoxy,
hydroxycacbonyl, (Ci-C4)-alkoxycacbonyl, amino, aminocacbonyl, (Cs-

Ce)-xycloalkyl hoic dén ba nguyén tir flo,

R*  lahydro hodc (Ci-Cs)-alkyl,
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R’ la hydro, (C1-C4)-alkyl, (Ci-Cs)-alkylcacbonyl, (C3-Cs)-xycloalkyl hoic

heteroxycloalkyl co 5 ho#c 6 canh, trong do:

(i) (Ci-Cs)-alkyl nay tuy y dugc thé bang hydroxy, hydroxycacbonyl
hodc (C3-Ce)-xycloalkyl,

va
(if) heteroxycloalkyl c6 5 hodc 6 canh nay tuy y duoc thé bang oxo,
hoac

R* va R3 duoc lién két va, cing voi nguyén tir nito ma ching gin vao, tao ra
vong heteroxycloalkyl mot vong, no c6 tir 4 dén 6 canh ma c6 thé chira
nguyén tir khéc loai thir hai trén vong dugc chon tir N(R”) va O, va né ¢6
thé dugc thé trén nguyén tr cacbon vong bang oxo hodc hydroxy, va

trong do:

R’  lahydro ho#c (Ci-C4)-alkyl,

la clo, xyano, (Ci-Cs)-alkyl, hodc nhom -CR®AR3B-OH, -CH>-NR°R!,
-C(=0)-NR!"R!? hoic -CH,-OR?", trong do:

R8 va R®B doc l4p duoc chon tir nhom gdém cd hydro, (Ci-Cs)-alkyl va
xyclopropyl,

R®  lahydro hodc metyl,

R!%  1a hydro, (Ci-Cs)-alkyl, (Ci-Cs)-alkylcacbonyl, (C3-Ce)-xycloalkyl hodc

heteroxycloalkyl co 5 hodc 6 canh, trong do:
(i) (Ci-Cq)-alkyl nay tuy y duge thé bing hydroxy hodc aminocacbonyl,

va
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(i) heteroxycloalkyl c6 5 ho#ic 6 canh nay tuy ¥ duoc thé bang oxo,
R!! 13 hydro hoic metyl,

R?  1a hydro, (C1-Cs)-alkyl, (C3-Ce)-xycloalkyl hodc heteroxycloalkyl c6 5
hodc 6 canh, trong do:

() (Ci-Cs)-alkyl ndy tuy y duoc thé bang hydroxy,

va

(i7) heteroxycloalkyl c6 5 hodc 6 canh nay tuy y dugc thé bang oxo,
hoéc:

R® va R!°, hozc R!! va R'2, mét cach twong tmg, dugc lién két va, cing voi
nguyén t nito ma ching gin vao, tao ra vong heteroxycloalkyl mot
vong, no ¢6 tir 4 dén 6 canh ma c6 thé chira nguyén tir khac loai th hai
trén vong duogc chon tir N(R'3), O, S va S(0)2, va né co thé dugce thé trén
nguyén tir cacbon vong bing dén ba phan tir thé doc 14p dwoc chon tir
nhém gdm c6 flo, (Ci-Cs)-alkyl, oxo, hydroxy, amino va aminocacbonyl,

va trong do:

R 1a hydro, (Ci-Cs)-alkyl, xyclopropyl, xyclobutyl, formyl hozc (Ci-
Cs)-alkylcacbonyl,

va
R la metyl hojc etyl,
v6i diéu kién ring G! khong phai 14 clo khi G? 1a clo hodc xyano.

Theo phuwong an duoc wu tién mot cach dic biét, sang ché dé cap dén cac hop

chét c6 cong thirc chung (I), trong do:

R!  lametyl,
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la metoxy,
la metyl, oxazol-5-yl hodc nhom -CH»-OR? hogc -CH2-NR*R, trong d6:
R?®  lahydro, (Ci-C4)-alkyl, xyclopropyl hodc xyclobutyl,

trong do, (Ci-Ca)-alkyl tuy y dugc thé bang hydroxy, metoxy, etoxy,
hydroxycacbonyl, metoxycacbonyl, etoxycacbonyl, amino, amino-

cacbonyl, xyclopropyl, xyclobutyl hoic dén ba nguyén tir flo,
R*  lahydro, metyl hodc etyl,

R’ la hydro, (Ci-Cs)-alkyl, axetyl, xyclopropyl, xyclobutyl hodc 2-
oxopyrolidin-3-yl,

trong d6, (Ci-Ca)-alkyl ndy tuy y duwoc thé bing hydroxy,
hydroxycacbonyl, xyclopropyl hodc xyclobutyl,

hoac

R* va R® dugc lién két va, cung v6i nguyén tir nito ma ching gin vao, tao ra
vong heteroxycloalkyl mdt vong, no c¢6 5 hodc 6 canh ma co thé chira
nguyén t khac loai thir hai trén vong dugc chon tir NH va O, va no6 co6

thé duoc thé trén nguyén tir cacbon vong biang oxo hoic hydroxy,

13 metyl hodc nhom -CR3*AR®B-OH, -CH>-NR°R!? hoic -C(=0)-NR!'R!2, trong
do: '

R®A va R®B ddc 14p 1a hydro hodc metyl,
R’  lahydro,

R 13 hydro, (Ci-Cs)-alkyl, axetyl, xyclopropyl, xyclobutyl hodc 2-
oxopyrolidin-3-yl,
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trong d6, (C1-Cs)-alkyl nay tuy y dugc thé bing hydroxy hodc amino-

cacbonyl,
1a hydro hodc metyl,

la hydro, (Ci-Ca)-alkyl, xyclopropyl, xyclobutyl hodc 2-oxopyrolidin-3-
yl,

trong d6, (C1-Ca)-alkyl ndy tuy y dugc thé bing hydroxy,

R hoic R!" va R!2, mét cach tuong tmg, duoc lién két va, cing voi
nguyén tr nito ma ching gin vao, tao ra vong heteroxycloalkyl mot
vong, no ¢6 tir 4 dén 6 canh ma c6 thé chira nguyén tir khac loai thir hai
trén vong dugc chon tir N(R™), O va S(O),, va né co thé duge thé trén
nguyén tr cacbon vong bang dén ba phan tir thé doc 14p dwoc chon tir
nhém gdm c6 flo, metyl, oxo, hydroxy, amino va aminocacbonyl, va

trong do:

R 1a hydro, formyl hoic axetyl.

Theo phuong an khac biét, sang ché @& cap dén cac hop chét co cong thic

chung (1), trong do:

Rl

va

RZ

la metyl,

la metoxy.

Theo phuong an khac biét khac, sang ché dé cap dén cac hop chét ¢ cong thirc

chung (1), trong do:

Gl

1a nhom -CH,-OR3, trong do:
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R} 1a hydro hoic (C1-Cs)-alkyl duge thé tuy y bang hydroxy, metoxy, amino,

aminocacbonyl hoic dén ba nguyén ti flo.

Theo phuong an khéc biét khac, sang ché dé cap dén cac hop chit c6 cong thire

chung (I), trong do:

G'  1a nhém -CH2-NR*R’, trong d6:
R*  lahydro hoic metyl,
R’  la (Ci1-Cq)-alkyl, axetyl, xyclopropyl, xyclobutyl hodc 2-oxopyrolidin-3-
yl,
trong d6, (C1-Ca)-alkyl nay tuy y dugc thé bang hydroxy,
hoac
R* va R® duogc lién két va, cing voi nguyén tir nito ma ching gén vao, tao ra
vong heteroxycloalkyl mot vong, no c6 5 hodc 6 canh ma co thé chira
nguyén tir khac loai thi hai trén vong dugc chon tr NH va O, va né co
thé dugc thé trén nguyén tir cacbon vong bing oxo hoic hydroxy.
Theo phuong an khéac biét khac, sang ché dé& cap dén cac hop chit c6 cong thirc
chung (1), trong do:
G?  1a nhom -CH2-NR°R!?, trong do:

R®  lahydro,
R!°  Ia axetyl hodc 2-oxopyrolidin-3-yl,
hoac

R? va R!0 dugc lién két va, cing voi nguyén tr nito ma ching gan vao, tao ra
vong heteroxycloalkyl mdt vong, no c¢6 5 hodc 6 canh ma c6 thé chira

nguyén tir khac loai thr hai trén vong dugc chon tir N(RP) va O, va né
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c6 thé dugc thé trén nguyén tir cacbon vong bing dén hai phin tir thé doc
1ap dugc chon tir nhém gdm c6 metyl, oxo, hydroxy va amino, va trong
do:

R!3  1a hydro, formyl hoic axetyl.

Theo phuong an khac biét khac nita, sang ché dé cap dén cac hop chét co cong

thirc chung (1), trong do:
G?  lanhdm -C(=0)-NR!'R'2, trong do:
R!'  1a hydro,
R!2  1a (Ci-Cs)-alkyl hodc 2-oxopyrolidin-3-yl,
trong do, (C1-Ca)-alkyl nay tuy y dugc thé bang hydroxy,
hoac

R!! va R'? duoc lién két va, cung voi nguyén tir nito ma ching gan vao, tao ra
vong heteroxycloalkyl mdt vong, no co tir 4 dén 6 canh ma co6 thé chira
nguyén tir khac loai thir hai trén vong dugc chon tr NH va O, va n6 co

thé dwoc thé trén nguyén tir cacbon vong bang oxo hoic hydroxy.

Theo phuong an duge wu tién mdt cach dic biét, sing ché dé cap dén cic hop

chét c6 cong thirc chung (I), trong do:
R!  la metyl,
R?  la metoxy,
G!  lanhém -CH2-OR3, trong do:
R?1a (C1-Cq)-alkyl tuy y dugc thé bang hydroxy, amino hodc aminocacbonyl,

va
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G?  lanhom -CH,-NR°R! hoic -C(=0)-NR!'R'?, trong do:
R®  lahydro,
R!®  la2-oxopyrolidin-3-yl,
hoac

R’ va R!? duoc lién két va, cung v4i nguyén tir nito ma chung gin vao, tao ra

vong piperazin-1-yl, 3-oxopiperazin-1-yl hodc 4-axetylpiperazin-1-yl,
R!!  lahydro,
R'?  la2-oxopyrolidin-3-yl,
hoac

R va R dugc lién két va, ciing v6i nguyén tir nito ma chiing gén vao, tao ra
vong 3-hydroxyazetidin-1-yl, 4-hydroxypiperidin-1-yl hodc 3-oxopipera-
zin-1-yl.

Céc dinh nghia v& cac gbc dugc chi ra mot cach cu thé trong cac td hop tuong
g hoic cac td hop dugc wu tién cta cac gde cling dugc thay thé néu mudn theo cac
dinh nghia vé& cac gbc cha cac t hop khac, khong ké cac t hop cu thé dugc chi ra dbi
v6i cac gbe. Cac td hop cua hai hodc nhiéu trong s6 cac khoang dugc uu tién trén day

1a duogc wu tién mot cach dic biét.

Céc hop chit c6 cong thirc chung (I) ¢ thé dwoc didu ché theo céc quy trinh
téng hop khac nhau ma bj chi phéi chii yéu bdi ban chit clia cac nhom G! va G2 cu thé

duogc chon (xem cac dinh nghia trén day).

Do d6, theo phuong an khac, sang ché dé cip dén quy trinh didu ché cac hop

chét co cong thirc chung (1), duge dic trung & chd:

[A] 4-aminopyrolo[2,1-f][1,2,4]triazin dugc thé & vi tri 6 c6 cong thirc (I1):
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NH,

N7 =

k\N/N / (i,

trong do, R3 ¢ nghia nhu néu trén,
trude tién duge cho phan ing vdi formaldehyt va amin c6 cong thire (I11):

9
_R

HN
SR 1,

trong do, R® va R!° c6 nghia nhu néu trén,

voi su 6 mit cta axit dé thu dugc hop chét c6 cong thire (IV):

trong do, R3, R va R1? ¢6 nghia nhu néu trén,

sau d6, dugc brom hoa thanh hop chét ¢ cong thirc (V):

trong do, R3, R? va R!? ¢4 nghia nhu néu trén,
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va tiép theo, dugc phan tng lién hgp véi benzothiophen-2-yl boronat c6 cong thirc

(VD):
R1 O—RM
/
A\ g
S O_R14
Rz

trong @6, R! va R? ¢6 nghia nhu néu trén,

va

(VI),

R 1a hydro hoic (C1-Ca)-alkyl, hodc ca hai gbc R'* dugc lién két ciing voi nhau
dé tao ra ciu -(CHa)-, -C(CH3)2-C(CHs)z-, -(CHz)s-, -CH2-C(CH3),-CHa-

hoic -C(=0)-CHa-N(CH3)-CH,-C(=0)-,

v6i sy co miat cia chit xuc tac paladi va bazo dé thu dugc hop chit dich co cong

thuc (I-A):

trong d6, R!, R%, R3, R? va R!® ¢ nghia nhu néu trén,

hoac
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NH,
NZ =

X N
Nt

D,

trong do, R® c6 nghia nhu néu trén,

truéc tién duge formyl hoa bing N,N-dimetylformamit voi sy c6 mat cua

phosphoryl clorua thanh aldehyt c6 cong thirc (VII):

(VID,

trong d0, R3 c¢6 nghia nhu néu trén,

sau d6, dugc brom hoa thanh hop chét c¢6 cong thire (VIIL):

(VIID),

trong do, R? ¢ nghia nhu néu trén,

va tiép theo, dwgc phan ung lién hgp vdi benzothiophen-2-yl boronat c6 cong thirc

(VI):

R 0—R
/
AN 4
S O R14
R? (VI),
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trong d6, R!, R? va R ¢ nghia nhu néu trén,

voi su co mit cua chét xic tac paladi va bazo dé thu duge hop chit co cong thic

(IX):

IX),

trong @6, R!, R? va R? c6 nghia nhu néu trén,
va sau do:

[B-1]duoc cho phan tng voi amin c6 cdng thire (1II):
RQ

-
HN

SR (1,

trong d6, R? va R!% ¢c6 nghia nhu néu trén,

v6i sy cb mit cha axit va chat khir dé thu dugc hop chét dich ¢6 cong thirc

(I-A):
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trong do, R!, R%, R3, R® va R!? ¢6 nghia nhu néu trén,
hodc

[B-2]dugc oxy hoa thanh axit carboxylic ¢o cong thirc (X):

X),
trong do, R!, R? va R3 ¢ nghia nhu néu trén,
va sau cung duogc phan tmg lién hop voi amin c6 céng thire (XI):

11
/R

HN
\R12 (XI),

trong do, R!! va R!?2 ¢ nghia nhu néu trén,

voi sy c6 mit cla chit ngung tu dé thu dugc hop chét dich co cong thirc

(I-B):
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(I-B),
trong do, R!, R%, R3, R va R!?2 ¢4 nghia nhu néu trén,
hodc
[C] 4-amino-5-bromopyrolo[2,1-f][1,2,4]triazin dugc thé & vi tri 6 c6 cong thirc (XII):

NH, g
NN OH
NP/

N~ (XII)
trude tién duge cho phan ing lién hgp voi benzothiophen-2-yl boronat ¢6 cong

thirc (VI):

14

Y
]

(7))

O—R
R? (VD),

trong do, R!, R? va R!* ¢6 nghia nhu néu trén,

vGi sy ¢O mat cua chat xic tac paladi va bazo dé thu dugc hgp chat c¢o cong thic

(XIID):

-30-



(XIII),

trong do, R! va R? ¢6 nghia nhu néu trén,
va sau do dugc cho phan ing véi formaldehyt va amin c6 cdng thire (I11):

9
R

N
SR (1),

trong do, R? va R!% ¢c6 nghia nhu néu trén,

v&i su ¢6 mat cla axit dé thu duge hop chét ¢ cong thire (I-C):

trong do, R!, R%, R® va R!? ¢6 nghia nhu néu trén,
hop chét nay sau do:

[C-1]dugc oxy hoa thanh aldehyt co cdng thire (XIV):
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trong d6, R!, R?, R? va R!% ¢4 nghia nhu néu trén,
va duoc xir Iy bing amin cd cong thirc (XV):

4
_R

N
SR (XV),

trong d0, R* va R® co nghia nhu néu trén,

v6i s co mit cua axit va chét khir @& thu dugc hop cht dich ¢ cong thic

(I-D):

(I'D)a
trong d6, R!, R%, R* R5, R? va R ¢4 nghia nhu néu trén,

hodc

-32-



20601

[C-2]dugc chuyén hoa thanh din xudt 6-(halometyl) twong Ung cd cong thirc
(XVI):

(XVD),
trong do, R!, R%, R® va R!? ¢6 nghia nhu néu trén,

va

X laclo, bromo hodc iodo,

va duoc xit Iy bing rugu ¢ cong thire (XVII):

R*»—0H (XVII),

trong do, R34 ¢6 nghia nhu R? nhu duge mo ta trén day ngoai trir khong phai

1a hydro,

v6i su ¢ mit cia bazo dé thu dugc hop chét dich ¢ cong thic (I-E):
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(I-E)a
trong do, R!, R%, R* R’ va R!% ¢ nghia nhu néu trén,

tuy v tiép theo, khi thich hop, biang cach (i) tach cac hop chét ¢ cong thire (I) thu dugc
theo cach nay thanh cac chit ddng phin ddi anh va/hodic chit déng phan khong dbi
quang twong tmg cua chiing, tdt hon 1a bang cach st dung cac phwong phéap séc ky
va/hoic (if) chuyén hoa hop chét c6 cong thire (I) thanh hydrat, solvat, mudi cia ching
va/hodc hydrat hodc solvat cia mudi bang cach xir ly bang cac dung méi twong (mg

va/hoic axit hodc bazo.

Céac hop chét ¢ cong thirc (I-A), (I-B), (I-C), (I-D) va (I-E), ma c6 thé dugc
didu ché bing cac quy trinh dugc md ta trén ddy, mdi hop chit 1a tip hop con cu thé

clia cac hop chét ¢ cong thirc chung (I).

Cac budc cua quy trinh [A] (II) - (IV) va [C] (XIIT) — (I-C), la cac phan ing
aminomety] hoa kiéu Mannich, dugc thuc hién theo cach thong thuong bang cach xir ly
hop chét ban du turong img bang hdn hop gém formaldehyt trong nudc va thanh phin
amin (III) v6i sy c6 mit cia chét xuc tac axit nhu axit formic hodc axit axetic. Tét hon
13, axit axetic duoc sit dung lam chét xdic tac va dung méi. Phan tng thuong dugc thuc

hién & nhiét d6 ndm trong khoang tir +20°C dén +80°C.

Pé lam tac nhan brom hoa cho cac budc cta quy trinh [A] (IV) = (V) va [B]
(VI) — (VII), tdt hon 1a N-bromosuxinimit (NBS), 1,3-dibromo-5,5-
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dimetylhydantoin (DBDMH) hoic brom nguyén t6 dugc st dung. Cac phan imng
thuong duogc thyc hién trong dung mdi tro, nhu diclometan, cloroform,
tetrahydrofuran, axetonitril hodc N, N-dimetylformamit (DMF), véi nhiét ¢ nim trong
khoang tir -78°C dén +20°C.

Cac phan tng két hop [A] (V) + (VI) - (I-A), [B] (VII) + (VI) > (IX) va [C]
(XII) + (VI) - (XII) ["phan Gng lién hgp Suzuki-Miyaura"] thuong dugc thuc hién
trong dung mdi tro voi sy tro gip cla chét xic tac paladi va bazo trong nudc. Chét
xuc tac paladi thich hop cho muc dich nay bao gdm, vi du, paladi(II) axetat, paladi(II)
clorua, bis(triphenylphosphin)paladi(Il) clorua, bis(axetonitril)paladi(II) clorua, [1,1'-
bis(diphenylphosphino)feroxen]paladi(Il) clorua, tetrakis(triphenylphosphin)paladi(0),
bis(dibenzylidenaxeton)paladi(0), va tris(dibenzylidenaxeton)dipaladi(0), tuy y két hop
voi cac phdi tir phosphin khac nhw, vi du, 2-dixyclohexylphosphino-2',4',6'-
triisopropylbiphenyl (X-Phos), 2-dixyclohexylphosphino-2',6'-dimetoxybiphenyl (S-
Phos), 4,5-bis(diphenylphosphino)-9,9-dimetylxanthen (Xantphos), hodc 4-(di-tert-
butylphosphino)-N, N-dimetylanilin. Ngoai ra, tién chit xtc tac paladi ma tir d6 cac loai
¢6 hoat tinh v& mat xuc tac dugc sinh ra trong cac diéu kién phan tmg, nhu (2'-amino-
biphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin, ¢co
thé duogc st dung [xem, vi du 4n phém: S. Kotha et al., Tetrahedron 58, 9633-9695
(2002); T. E. Barder et al., J. Am. Chem. Soc. 127 (13), 4685-4696 (2005); S. L. Buch-
wald et al., J. Am. Chem. Soc. 132 (40), 14073-14075 (2010), va cac tai liéu tham khao

khac duoc trich din trong do].

Céc bazo thich hop dbi voi cac phan tng két hop nay la cacbonat kiém, nhu
natri, kali hodc xeri cacbonat, phosphat kiém, nhu natri hoic kali phosphat hoic florua
kiém, nhu kali hodc xeri florua. Thong thudng, cic bazo nay duge st dung duéi dang
dung dich nudc. Cac phan tng dugc thuc hién trong cac dung moi hitu co tro trong cac
diéu kién phan tng. Tt hon 13, cac dung méi hitu co tron 14n duge véi nude, nhu 1,2-
dimetoxyetan, tetrahydrofuran, 1,4-dioxan, axetonitril, N,N-dimetylformamit (DMF)
ho#ic dimetylsulfoxit (DMSO), dugc st dung nhung cac dung méi tro khac, nhu

diclometan hoic toluen, ciing c6 thé dugc sir dung.
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Buoc [B] cua quy trinh (I) — (VII) ["phan tng formyl hoa Vilsmeier-Haack"]
duoc thuc hién theo cach théng thudng bing cach xir Iy pyrolotriazin (II) trong dung
moi N, N-dimetylformamit (DMF) voi phosphoryl clorua. Phan tng thuong dugce thuc

hién & nhiét d6 ndm trong khoang tir 0°C dén +80°C.

Céc chét khir thich hop dbi véi cac phan ing amin hoa khir [B-1] (IX) + (III) —>
(I-A) va [C-1] (XIV) + (XV) — (I-D) la cac bohydrua kiém théng thudng, nhu lithi
bohydrua, natri bohydrua, kali bohydrua, natri xyanobohydrua hodc natri triaxetoxy-
bohydrua. Thong thudng, bude chuyén hoéa dugc thuc hién vdi sy co mit cia axit, tdt
hon la axit axetic, trong rugu hodc dung méi ete, nhu metanol, etanol, isopropanol,
tetrahydrofuran hoic 1,4-dioxan, & nhiét d9 nim trong khoang tir 0°C dén +80°C,
turong tmg tiy thudc vao kha ning phan tng clia cac thanh phin amin (III) va (XV),

va/hoic bohydrua cu thé duge st dung.

Dbi voi phan g oxy hoa trong budce [B-2] clia quy trinh (IX) — (X), budc oxy
hoa véi natri clorit voi su c6 mit clia chét tiy tap hypoclorit nhu 2-metyl-2-buten 1a
phuong phap lwa chon [xem 4n phdm: H. W. Pinnick et al., Tetrahedron 37, 2091-
2096 (1981); A. Raach and O. Reiser, J. Prakt. Chem. 342 (6), 605-608 (2000), va cac
tai liéu duoc trich din trong d6]. Phan {mg nay thuong duoc thuc hién trong hdn hop

tetrahydrofuran/nudc & nhiét do ndm trong khoang tir 0°C dén nhiét d6 moi trudng.

Cac chét ngung tu thich hop ddi véi budce [B-2] clia quy trinh (X) + (XI) — (I-
B) [su hinh thanh amit] bao gdm, vi du, cic carbodiimit nhu N,N'-dietyl-, N,N'-di-
propyl-, N,N'-diisopropyl-, N,N'-dixyclohexylcarbodiimit (DCC) hodc N-(3-
dimetylaminopropyl)-N"-etylcarbodiimit (EDC), cic din xudt phosgen nhu N,N'-
cacbonyldiimidazol (CDI) hodc isobutyl cloformat, a-cloenamin nhu 1-clo-2-metyl-1-
dimetylamino-1-propen, cac hop chit phospho nhu propanphosphonic anhydrit, dietyl
xyanophosphonat, bis(2-oxo-3-oxazolidinyl)phosphoryl clorua, benzotriazol-1-yloxy-
tris(dimetylamino)phosphon hexaflophosphat (BOP) hodc benzotriazol-1-yloxy-tris-
(pyrolidino)phosphon hexaflophosphat (PyBOP), va cac hgp chét uron nhu O-(benzo-
triazol-1-yl)-N,N,N’ N'-tetrametyluron tetrafloborat (TBTU), O-(benzotriazol-1-yl)-
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N,N,N',N'-tetrametyluron hexaflophosphat (HBTU), 2-(2-oxo-1-(2H)-pyridyl)-1,1,3,3-
tetrametyluron tetrafloborat (TPTU), O-(7-azabenzotriazol-1-yl)-N,N,N', N'-tetrametyl-
uron hexaflophosphat (HATU) hodc O-(1H-6-clobenzotriazol-1-yl)-1,1,3,3-tetrametyl-
uron tetrafloborat (TCTU), két hop v&i cac chét bd trg khac néu thich hop, nhu 1-
hydroxybenzotriazol (HOBt) hodc N-hydroxysuxinimit (HOSu), va/hodc cac bazo nhu
cacbonat kiém, vi du natri ho#c kali cacbonat, hodc amin bazo hiru co, nhu trietylamin,
N-metylpiperidin, N-metylmorpholin (NMM), N, N-diisopropyletylamin (DIPEA),
pyridin hodc 4-N,N-dimetylaminopyridin (DMAP). Uu tién 1a st dung O-(7-azabenzo-
triazol-1-yl)-N,N,N', N'-tetrametyluron hexaflophosphat (HATU) hodc O-(benzotriazol-
1-yl)-N,N,N', N"-tetrametyluron tetrafloborat (TBTU) két hop voi N, N-diisopropyletyl-
amin (DIPEA) va tuy y 1-hydroxybenzotriazol (HOBt).

Céc dung méi tro dbi voi bude [B-2] cta quy trinh (X) + (XI) — (I-B) 1a, vi dy,
cac ete nhu dietyl ete, fert-butyl metyl ete, tetrahydrofuran, 1,4-dioxan hodc 1,2-
dimetoxyetan, cac hydrocacbon nhu benzen, toluen, xylen, hexan hodc xyclohexan, cac
hydrocacbon dugc halogen hoa nhu diclometan, triclometan, cacbon tetraclorua, 1,2-
dicloetan, tricloetylen hodc clobenzen, hodc cac dung mdi khac nhu axeton, axetonitril,
etyl axetat, pyridin, dimetylsulfoxit (DMSO), N,N-dimetylformamit (DMF), N,N-
dimetylpropylen ure (DMPU) hodc N-metylpyrolidinon (NMP). Ciing c6 thé sir dung
hén hop gdm cac dung méi nay. Tét hon 1a sir dung diclometan, tetrahydrofuran, N, N-
dimetylformamit hoic hdn hgp chira ching. Thong thudng, cac phan ing dwogc thuc
hién & nhiét d6 ndm trong khoang tir 0°C dén +60°C, t6t hon 1a & nhiét d6 ndm trong
khoéng tir +10°C dén +40°C.

Céc chit oxy hoa ma c6 thé chuyén hoa rugu bac mét (I-C) thanh aldehyt (XIV)
(quy trinh [C-1]) trong cac diéu kién ém diu bao gdm 1,1,1-triaxetoxy-1,1-dihydro-1,2-
benziodoxol-3(1H)-on ("Dess-Martin periodinan"), 2,2,6,6-tetrametylpiperidin-1-oxyl
(TEMPO) két hop véi cac chét oxy hoa bac hai nhu iodosobenzen-I,/-diaxetat hozc
natri hypoclorit va cac hé oxy hoa dua trén dimetylsulfoxit (DMSO) nhu
DMSO/trifloaxetic anhydrit hodc 'DMSO/N,N "-dixyclohexylcarbodiimit (DCC). Uu
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tién 1a 1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-on. Thong thwong, phan

ng duogc thuc hién trong dung méi tro, t6t hon 1a bing cach sir dung diclometan.

Pé chuyén héa hydroxy thanh halogen trong budc [C-2] cua quy trinh (I-C) —>
(XVI), cac phuong phap va cac chit phan ung tiéu chudn khac nhau da duoc biét dén
trong linh vuc nay c6 thé dugc sir dung. Cac chit phan tmg lwa chon 1a thionyl clorua
[d6i voi X = Cl], tetrabromometan/triphenylphosphin [dbi véi X = Br], va iot/tri-
phenylphosphin [di véi X =1]. Viéc diéu ché cac din xuét 6-(clometyl) (XVI) [X =

Cl] la dugc wu tién do budc xit 1y 1a tién loi va do do 6n dinh cua hop chét.

Céc bazo thich hop d6i véi budc [C-2] cla quy trinh (XVI) + (XVII) - (I-E)
[su hinh thanh ete] la cac cacbonat kiém nhu lithi, natri, kali hodc xeri cacbonat, axetat
kiém nhu natri hoic kali axetat hodc cac bazo amin béc ba thong thuong nhu trietyl-
amin, N-metylmorpholin, N-metylpiperidin, N, N-diisopropyletylamin hodc pyridin. Uu
tién 13 N,N-diisopropyletylamin (DIPEA). Phan ung (XVI) + (XVII) — (I-E) duoc
thyc hién trong dung méi tro, nhu tetrahydrofuran, hoic khong cin dung méi, bing
cach st dung lvong du ruou (XVII), & nhiét o nim trong khoang tir +20°C dén
+200°C, t6t hon 1a & nhiét d6 ndm trong khoang tir +50°C dén +150°C. Tt hon la,

budce chuyén hoa dugc thuc hién bing cac phuong tién cua thiét bi phan ng vi song.

Trinh ty phan ing (I-C) — (XVI) = (I-E) ¢6 thé dugc thyc hién trong hai budc
riéng ré&, nghia 1a voi sy tach va tinh ché hop chét trung gian (XVI), hodc c¢6 thé duge
thue hién bing cach st dung quy trinh mot binh, nghia 1a bang cach st dung hop chit
trung gian thé (XVI) nhu thu duge trong phan g diéu ché.

Trong cac truong hop trong do phan amin bac mét hodc béc hai tao ra mét phan
cta nhoém G! hodc G? trong cac hop chét dich c6 cong thirc (I), d6i khi co thé thich hop
trong cac phan tmg diéu ché dugc mo ta trén day 1a st dung din xuét dugc bao vé clia
amin nay nhu mot thanh phin phan tng thay cho amin tu do. Pbi voi muc dich nay,
cac nhom bao vé amino tam thoi thong thuong nhu nhom axyl (vi dy, axetyl hodc tri-
floaxetyl) hodc cac nhom bao vé kiéu carbamat (vi du, nhom Boc-, Cbz- hodc Fmoc),

c6 thé dugc st dung. Nhom Boc (fert-butoxycacbonyl) t6t hon 1a duge st dung. Tuong
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ty, nhém chirc hydroxy 1a mot phan ciia nhom G hodc G? ¢6 thé duge phong bé mot
cach tam thoi trong cac hop chét tién chét va cac hop chét trung gian clia quy trinh, vi
du nhu tetrahydropyranyl (THP) ete hoic nhu din xuét silyl ete, nhu trimetylsilyl hodc
tert-butyldimetylsilyl ete.

Sau d0, cac nhom bao vé nay co thé dugc tach loai mot cach ddng thoi trong
quy trinh xtr ly trong nudc va tinh ché, hoic ching dwoc loai bd trong budc tach tiép
theo bing cach sir dung cac phuong phap tiéu chuin di dugc biét dén trong linh vuc
nay. Viéc diéu ché cac hop chit trung gian da duoc bao vé nhu vay tir cac amin hodc
ruou tu do twong tmg cling duogc thuc hién mot cach dé dang theo cac quy trinh chung
duoc md ta trong tai lidu chuyén nganh [xem, vi du 4n phdm: T. W. Greene and P.

Wuts, Protective Groups in Organic Synthesis, Wiley, New York, 1999].

Mot s6 loai dAn xuét amin dugc bao vé (nghia la dugc axyl hoa) ¢6 hoat tinh irc
ché FGFR mdt cach dang ké bdi chinh ban than ching. Do d6, cac hop chit nay ciing
thudc nhitng hop chét c6 cong thirc chung (I) nhu dugc xac dinh trén day.

Quy trinh didu ché cac hop chit theo sang ché c6 thé dugc minh hoa bing cac

so db phan tng sau day:
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Sodd1
R9
'
NH, 3 HNC o
NZ N= O—R" Hc=0
/
XN AcOH
R1
R2
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So d6 2
NH,
NT = °~R" bwr
~ Nt/ —
- POCI
R! or™
/
N g
S OR14 /R9
R? HN\R10
—_—
chét xuc tac Pd/bazo NaB::aCN
NaBH(OAc),
AcOH
NaClO,
Me,C=CHMe
NaH,PO,
R11
7
HN\R12
—_—
TBTU, DIPEA
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So dd 3

Dess-Martin

periodinan:
————

NaBH(OAc),
AcOH
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So do 4

4-aminopyrolo[2,1-f][1,2,4]triazin dwoc thé & vi tri 6 co cong thirc (IT) c6 thé, vi
du, dugc tao ra theo hai con dudong khac nhau dugc mod ta trong so d6 5 dudi ddy. Theo

con duong thir nhit, 4-amino-6-xyanopyrolo[2,1-f][1,2,4]triazin (XVIII) dugc chuyén
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hoa thanh este (XIX) bang cach ruwou phan qua trung gian axit va sau d6 dwgc khir
thanh hop chit 6-(hydroxymetyl) (IIa) [R? trong (II) = H] bang cach sir dung lithi tri-
etylbohydrua. Su chuyén héa tiéu chuén thanh 6-(halometyl)pyrolotriazin tuong (g
nhu hop chit clo (XX), tiép theo bang cach xtr Iy véi rugu c¢6 cong thirc (XVII) voi su
c6 mit clia bazo d& dang tao ra cac din xuét ete c6 cong thirc (IIb) [R? trong (II) = H].
Viéc tao ra hop chét ban dau (XVIII) da dugc mo ta trude ddy [xem cong bd don sang

ché qudc té s6 WO 2007/ 064883 (Hop chit trung gian AX / bude 3)].

Con dudng thir hai bit diu tir 1-amino-4-bromo-2-xyanopyrol dugc bao vé
(XXI) [quy trinh diéu ché dugc dua ra trong cong bd don sang ché qubc té s6 WO
2007/064883 (Hop chit trung gian AAE, Step 3)]. Loai proton cua uretan nito, tiép
theo kim loai héa & vi tri 4 va phan tmg véi formaldehyt thu duoc din xuét
4-(hydroxymetyl) (XXII). Xt ly bing hydro clorua, tiép theo bd sung rugu (XVII) va
ngung tu voi formamidin bang cach st dung quy trinh mét binh sau d6 tao ra hop chét
dich c6 cong thirc (IIb). Con dudng nay 13 dic biét hitu ich dé tao ra cac dan xuét alkyl
ete [R3 trong (IIb) = (C1-C4)-alkyl] trong d6 chét phan img rugu (XVII) cling c6 thé

doéng vai tro 1am dung moi phan ung trong cac truong hop nay.

Sodd s

NH, NH, NH,
CN —— ———

I\\/N / k\,N / OEt K,N / OH
N H,SO4 dadm dic N N
(XVIII) (XIX) (Ila)

NH, NH,
SOCl, NP N= R*—OH (XVII) Nél\‘f>_\
—_— —_—
I\\ /N / |\\ /N / 3A
N Cl b N O0—R
x HCI azo
1. HCI
2. R*—0H (xvID)
3. HC(=NH)NH,
NC\'i>— 1. MeMgBr NCW@_\
Br —m—————
Boc\N/N Y 2. n-Buli Boc\N/N Z OH
H 3. H,C=0 H
(XXI) (XXII)
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Céac dan xuét 4-amino-5-bromopyrolo[2,1-f][1,2,4]triazin c6 cong thirc (XII) 1a
d& thu duoc tir 4-amino-6-(hydroxymetyl)pyrolo[2,1-f][1,2,4]triazin (Ila) (xem so db 5)
bang cach dau tién 5,7-dibrom hoa bing cach st dung 1,3-dibromo-5,5-
dimetylhydantoin va sau d6 7-debrom hoa chon loc tiép theo nhd phan tng trao ddi
halogen-kim loai vdi n-butyllithi, tiép theo dap tit phan tmg bing metanol (xem so dd

6 dudi day).

Sodd 6
CH, o
He
NH2 Br/N\[rN\Br 2 Br
N7 N= o} NZ = 1. n-BuLi, -78°C
XN / OH N N OH 2. MeOH
Br
(Ila) (XXII)
NH2 Br
NZ =
N/
\N/N oH
(X1m)

Benzothiophen-2-yl boronat ¢6 cong thirc (VI) c¢6 thé dwoc tao ra mot cach tién
loi bét déu tr cac din xuét thiophenol duge thé c6 cong thirc (XXIV) (xem so dd 7
dudi day). Alkyl hoa vdi bromo-axetal (XXV) va dong vong qua trung gian axit
polyphosphoric tiép theo tao ra hgp chit trung gian benzothiophen cd cong thitc
(XXVII), hop chit nay sau d6 dugc kim loai hoa & vi tri 2 va dugc cho phan ng véi
trialkyl borat. Xir ly bing kiém thu dugc axit (benzothiophen-2-yl)boronic ty do co
cong thire (Vla) ma dugc bién dbi, néu mubn, thanh boronat mach vong, vi du cling
duge goi 1a MIDA boronat ¢6 cong thirc (VIb), bing cac quy trinh tidu chudn dugc biét
dén trong linh vyc nay [xem, vi du 4n phim: D. M. Knapp et al., J. Am. Chem. Soc.
131 (20), 6961-6963 (2009)].
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So dd 7
R! Br OFt R! EtO OEt
oet XXV :r PPA
> —_—
! SH Cs,CO, ! s
(XXIV) (XXVI)
R1 R! OH
Ny 1. n-BuLi, B(OiPr), Ny
S i S \
2. Dung dich nuéc NaOH OH
R? R?
(XXVII) (VIa)
0
,—COOH 1 J\
H,C—N R 0
N— H /
coo N : N—CH,
N S
bay nudc O\[H
2
R o

(VIb)

[xem 4n phim : P. A. Plé and L. J. Marnett, J. Heterocyclic Chem. 25 (4), 1271-1272
(1988); A. Venturelli et al., J. Med. Chem. 50 (23), 5644-5654 (2007)].

Cac hop chit co cong thire (III), (XI), (XV), (XVII), (XXIV) va (XXV) 1a ¢6 thé
mua dugc trén thi trudng, dwoc biét dén tir tai liéu chuyén nganh hodc ¢ thé dugc tao
ra tir cac nguyén liéu ban ddu c6 sin trén thi truong bang cach van dung cac phuong
phap tiéu chudn duge mé ta trong tai lidu chuyén nganh mot cach thich hop. Cac quy
trinh chi tiét va cac tai liéu tham khéo chuyén nganh dé didu ché cac nguyén liéu ban
dAu ciling co thé duoc tim thiy trong Phan thir nghiém trong muc diéu ché cac nguyén

liéu ban dAu va cac hop chit trung gian.

Viéc diéu ché cac phan nhom khac cua cac hop chit co cong thirc chung (I)
dwoc minh hoa trong cac so dd phan tmg tir 8 dén 14 sau ddy. Cac tién chét
pyrolotriazin cin diing ¢6 thé duogc téng hop mot cach dé dang bang cac phwong phap
thong thudng da duoc biét dén trong linh vuc nay va cac bién dbi tdng hop khac, trong

héu hét cac trudng hop, theo cac con duong didu ché dugc mé ta trong phan quy trinh
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trén day, bang cach st dung cac loai phan {ng twong tw, nhu, vi dy, phan @mg brom
hoa, phan tmg két hop boronat, aminometyl hoa, amin hoa kht, oxy hoa va/hodc ete
hodc phan (mg tao amit. Cac chi tiét khac duoc mo ta trong Phéan thir nghiém dbi voi

viéc diéu ché cua cac phuong an lay lam vi du va cac hgp chat tién chat twong ung cua

ching.
So do 8
NH, Br NH, Br
NP N OH  tBuMe,SICI NZ = OTBDMS 4 . guLi
/ " NV R
‘\\N/N imidazol SN RY _R*™
Br Br 2. \ﬂ/
(XXIIT) ©
R1 OR14
N g
s’ ORrR"™
OTBDMS 1pap NP\
—_—— / L
~ N

R4
Dess-Martin HN<
periodinan R®
— —
NaBH(OAc),
AcOH
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[R8A, R®B = (C;-Cy)-alkyl, xyclopropyl hoic xyclobutyl].

So d69

[R34A = (C1-C4)-alkyl, xyclopropyl ho#c xyclobutyl; X = Cl, Br hoic I].

So dd 10

H,, Pd/C

——

[R-C(O),0
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[R = (C1-Cq)-alkyl].

So d6 11
HN/Rg S ‘
N2 SRY NH, Br/N\[(N\Br
NZ N\= - H,C=0 N N\ = . 0
—
k\ ~N / AcOH l% N Y
N N R®
(XXVIII)
NH, Br
N =
R
I%N/N / 9
R
\
R10

[R = clo hodc (Ci-Cs)-alkyl; dé didu ché nguyén liéu ban dau (XXVIII), xem cbng bd
don sang ché qudc té s6 WO 2007/064883 va WO 2007/056170, mdt cach tuong ing].
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So dd 12
NH,
NZ _— OTBDMS Me,Zn
N
\N/ Pd-chét xuc tac
Br
tBuMe,SiCl
imidazol CHy
B«
NH (o Yo

R2

NH,

NE N OTBDMS

K\N/N %

CH,

Chét phan huy silyl ete

NH,
ND N OH
NP

N/

CH

3
\NBS
14
OR

B

Dess-Martin
periodinan

NaBH(OAc),
AcOH

o NH, g,
NZ N OH
- A 4 , I\\ /N /
chat xuc tac Pd/bazo N
C

Hy

[@é didu ché hop chit ban diu (XXIX), xem so dd 14 dudi day].
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So dd 13
NH, NH, NH,
NZ N= OH tBuMe,SiCl N7 N\= OTBDMS Nos N2 N\= OTBDMS
N/ el N W/ — v
N~ imidazol N~ N~
(ITa)
R‘I
NH, Br
NBS NP N OTBDMS K2
e
Dess-Martin
aq. HCI periodinan:
/
x N
N
R4
7
HN\RS
D ———
NaBH(OAG),
AcOH
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So d6 14
NH, NH, NH,
NZ N\= OH NBs NP N\= OH tBuMe,SiCI & \= OTBDMS
Nl it SN mmmoe . SNl
N imidazol NN imidazole \N/N
(Ila) (xx1x) Br Br
CH, o
H,C
NHZ Br/NTN\Br NHZ Br
Zn(CN), NP N\= OTBDMS o NZ N = OTBDMS
o s N T N
Pd-chat xuc tac N N
CN CN

R? OTBDMS

4

Dess-Martin HNT R

. 4 N5

periodinan: R
— ——
k\ N NaBH(OAc),

AcOH

Cac hop chét theo sang ché c6 cac dic tinh dugc ly co gia tri va co thé dugc st

dung dé ngan ngtra va di€u tri cac roi loan & nguoi va dong vat co vii khac.

Céc hop chét theo sang ché 1a cac chit {rc ché tiém ning hoat tinh hodc sy biéu

hién cua tyrosin kinaza thy thé, cu thé 1a FGFR kinaza va dit biét nhit 12 FGFR-1 va

FGFR-3 kinaza. Ban md ta boc 1 phuong phéap diu tri cac rdi loan lién quan dén hogc

gdy ra boi hoat tinh cua FGFR kinaza ¢ nguoi bénh can diéu tri, bao gdbm budc cho
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ngudi bénh dung hop chét c6 cong thirc (I) nhu dwoc xac dinh trén ddy v6i lugng hitu
hiéu. Theo mét sb phuong an, cac rdi loan lién quan dén hoat tinh ciia FGFR kinaza la

cac rbi loan tang sinh, cu thé 1 bénh ung thu va bénh khéi u.

Theo sang ché, thuat ngir "syu diéu tri" hodc "viéc diéu tri" bao gém viéc trc ché,
1am cham, lam nhe, 1am diu, lam nging, 1am gidm hodc gay ra su thoai trién ciia bénh,
11 loan, tinh trang bénh hoic trang thai bénh, su phat trién va/hodc sy tién trién cla nd
va/hodc cac triéu chimg cua nd. Thult ngit "su ngin ngira" hodc "viéc ngin ngira" bao
gdm viéc 1am giam nguy co mic bénh, nhifm bénh hoic ném trai bénh, rbi loan, tinh
trang bénh hoic trang thai bénh, sy phat trién va/hoic sy tién trién cta nd va/hodc cac
triéu chimg clia nd. Thuét ngir ngin ngira bao gdm sy phong bénh. Viée diéu tri hodc
ngan ngtra rbi loan, bénh, tinh trang bénh hodc trang thai bénh c6 thé 1a mot phan hoic

hoan toan.

Thuét ngit "r6i loan ting sinh " bao gdm céc rbi loan lién quan dén sy ting sinh
té bao khong mong mudn hodc khong kiém soat dugc. Cac hop chit theo sang ché ¢6
thé duoc sir dung dé ngan ngira, e ché, phong bé, lam giam, lam nhe, kiém soat, v.v..
su tang sinh té bao va/hodc sy phan chia té bao va/hodc tao ra sy gy chét té bao theo
chuong trinh. Phuong phap nay bao gdm viéc cho dbi twong cin diéu tri, bao gém
dong vat co vi, ké ca ngudi, ding hop chét theo sang ché hozc mudi duge dung, chét
ddng phan, dang da hinh, chit chuyén hoa hydrat hodc solvat ciia né véi lugng hiru

hiéu @€ diéu tri hodc ngin ngua ri loan.

Trong toan bd ban md ta sang ché, dé don gian héa, viéc sit dung cach dién dat
s it 1a dugc wu tién hon so véi cach dién dat s6 nhiéu, nhung né thuong c6 nghia bao
gbm ca cach dién dat s§ nhidu néu khong c6 quy dinh khac. Vi du, cum tir "phuong
phap diéu tri bénh & nguoi bénh, bao gdm budc cho ngudi bénh ding hop chit co cong
thirc (I) véi lugng hitu hiéu" c6 nghia la bao ham ca viéc diéu tri ddng thoi nhiéu hon

mdt bénh cling nhu viéc dung nhiéu hon mdt hop chit c6 cong thirc (I).

Cac rbi loan ting sinh té bao c6 thé dugc diéu tri va/hoic dugc ngin ngira bing

cac hop chét theo sang ché dic biét bao gdm, nhung khong chi giéi han &, nhom bénh
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ung thu va khdi u. Céc bénh nay dugc hidu nhu 14 cac bénh sau ddy ching han, nhung
khong chi giéi han & cac bénh nay: bénh ung thu bidu mé v va khdi u via (cac dang
6ng din va thuy con, ca & tai chd), cac khdi u clia duong hd hip (bénh ung thu bidu mo
phdi té bao nho va khéng té bao nhd, bénh ung thu biéu mod té bao nho va khong té bao
nhd, bénh ung thu biéu mé phé quan, u tuyén phé quan, u nguyén bao phéi), khéi u ndo
(vi du v& than ndo va dudi ddi, u t& bao hinh sao, u nguyén bao thin kinh dém, u
nguyén bao tuy, u mang nao that va khdi u ngoai bi than kinh va hinh qua thong), cac
khéi u vé cac co quan tiéu hoa (thuc quan, da day, ti mat, rudt non, rudt gia, truc
trang, hdu mén), cac khdi u gan (khong ké cac bénh khac, bénh ung thu biéu mo té bao
gan, bénh ung thu biéu m6 duong m4t va bénh ung thu biéu mé té bao gan va duong
mat hdn hop), cac khbi u ctia ving déu va c¢b (thanh quan, dudi hdu, vom hong, hdu
hong, moi va khoang miéng), cac khdi u da (bénh ung thu biéu mé hinh vy, xacdém
Kaposi, khéi u ac tinh, bénh ung thu da té bao Merkel va bénh ung thu da khong ac
tinh), cac khdi u v& mdé mém (khong ké cac bénh khac, xacém md mém, xacém xuong,
u mo bao xo 4c tinh, ung thu hach bach huyét di cin va xacém co vén), cac khdi u clia
mét (khong ké cac bénh khac, khéi u ac tinh trong mét, khdi u 4c tinh mang mach nho
va u nguyén bao vong mac), cac khdi u vé tuyén néi tiét va ngoai tiét (vi du cac tuyén
giap va can giap, tuyén tuy va tuyén nudc bot), cac khéi u cia dudng niéu (khdi u bang
quang, duong vét, than, bé than va éng niéu), cac khdi u clia co quan sinh san (bénh
ung thu biéu m6 mang trong tir cung, ¢b tir cung, budng trimg, am dao, 4m ho va tir
cung & nit gidi va bénh ung thu biéu mé tuyén tién liét va tinh hoan & nam gidi), cling
nhu cac di cin xa clia nd. Cac rbi loan nay ciing bao gdm cac bénh mau ting sinh &
dang rén va dudi dang té bao mau tudn hoan nhu ung thu hach bach huyét, bénh bach
cdu va bénh ting sinh tuy, vi du dang tuy cép tinh, bénh bach ciu nguyén bao cip tinh,
bénh bach huyét man tinh, bénh tuy xwong man tinh va bach ciu t& bao toc va bénh
ung thu bach huyét lién quan dén AIDS, bénh ung thur bach huyét Hodgkin, bénh ung
thu bach huyét khong Hodgkin, bénh ung thu bach huyét té bao T clia da, bénh ung thu
bach huyét Burkitt va bénh ung thu bach huyét & hé than kinh trung wong.
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Do profin hoat tinh va tinh chon loc ctia chiing, cac hop chit theo sang ché duoc
cho 1a dic biét thich hop dé didu tri cac bénh ung thw va cac bénh khdi u nguc (vu),
phéi, da day (thudc da day), bang quang va budng trimg. Hon nita, cac hop chét theo
sang ché co thé dic biét thich hop d& ngin ngira hodc ngan chin sy di cin khéi u, noi

chung.

Cac rbi loan ting sinh khac ma c6 thé dwoc diéu tri va/hodc dwoc ngin ngira
bang cac hop chét theo sang ché bao gdbm bénh vay nén, bénh seo 16i va sy ting san
khac tac dong dén da, cac rdi loan bong rdp két hop voi sy hinh thanh vét bong rop
dudi biéu bi bao gdbm pemphigut bong nudc, nhidu dang ban d6 va viém da dang
herpes, cac rdi loan xo nhu chimg xo hoa phbi, chimg xo vita dong mach, tai phét hep
va bénh xo gan, cac bénh thin bao gdm cac rdi loan ting sinh t& bao mang cudn mao
mach, bénh cAu thn, bénh viém tiéu cdu than, bénh than do dai thio duong, xo hod
than ac tinh va bénh than da u nang, su ting san tuyén tién liét lanh tinh (BPH), cac rbi
loan ting sinh t& bao do hinh thanh mach hodc mach mau va hi chirng vi mach huyét

khoi.

Cac hop chét theo sang ché ciing 1a hiru ich dé diéu tri va/hodic ngan ngira cac
bénh v& mét nhu, vi du, sy thoai hoa diém vang lién quan dén tudi tac (AMD), su thoai
hoa diém vang dang khd, sy nghén tinh mach vong mac do thiéu mau cuc bo, ching
phu diém vang do dai thio dudng, bénh vong mac do dai thdo dudng, bénh vong mac &

tre sinh non va cac bénh vong mac khac.

Céc tinh trang bénh khac ma c6 thé dugc diéu tri va/hodc dwgc ngin ngira bing
cach ding hop chét theo sang ché bao gdm cac bénh phu khoa nhu bénh lac ndi mac tir
cung, u co va u nang budng trimg, cac rdi loan chuyén hoa dé cap dén su tao md, su
chuyén hoa mét, su chuyén hoa phosphat, sy chuyén hoa canxi va/hodc sy khoang hoa
xuong, cac rbi loan xuwong nhu, vi du, su coi coc, thiéu phét trién sun va héi ching
Pfeiffer, cac bénh vé sun nhu chimg viém khép xuong man tinh va viém da khép,

chirng viém khép dang thip, bénh héi va su thai loai manh ghép.
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Bénh dugc ké dén trén ddy duoc dic trung & ngudi, nhung cling tdi tai voi
thuyét nguyén nhén so sanh dwoc & cac dong vat c6 va khac va c6 thé dugc didu tri

bang cac hop chit va phuong phap cua sang ché.

Ban md ta con boc 10 viéc st dung cac hop chat theo sang ché dé diéu tri

va/hodc ngin nglra cac roi loan, dic biét la cac roi loan dugc ké dén trén day.

Ban mé ta con bdc 1§ viée sir dung cac hop chét theo sang ché dé bao ché duoc
pham dé diéu tri va/hodc ngin ngira cac rbi loan, dic biét 1a cac rdi loan duogc ké dén

trén day.

Ban mé ta con bdc 10 viée st dung cac hop chit theo sang ché trong phuong
phap diéu tri va/hoic ngin ngira cac ri loan, ddc biét 1a cac rdi loan dugc ké dén trén

day.

Ban md ta con bdc 16 phuong phap dé diéu tri va/hodc ngin ngira cac rdi loan,
dic biét 1a cac ri loan duoc ké dén trén day, bing cach st dung luong hitu hidu cua it

nhit mot trong sb cac hop chit theo sang ché.

Cac hop chit theo sang ché co thé dugc st dung dudi dang dugc chét don 1é
hodc két hgp v6i mot hodc nhidu chit diéu tri bd sung mién viéc két hop nay khong
dan dén céc tac dung phu khéng mong mudn va/hoic khong chép nhan dugc. Viée didu
tri két hop nhu vy bao gdm viéc dung dugc phadm dang liéu don ma chira hop chit c6
cong thue (I), nhu dugce xac dinh trén ddy, va mot hodc nhiéu chét diéu tri bd sung,
cing nhu viée dung hop chét ¢ cong thirc (I) va timg chét diéu tri bd sung trong dugc
phdm dang lidu riéng biét ciia nd. Vi du, hop chit c6 cong thirc (I) va chit diéu tri c6
thé dwoc st dung cho ngudi bénh cung nhau trong dugc phdm dang lidu don ding qua
duong miéng (cb dinh) nhw vién nén hodc vién nang hoic mdi chit c6 thé dugc sir

dung trong dugc phim dang liéu riéng biét.

Khi cac duge phdm dang liéu riéng biét dugc sir dung, hop chét c6 cong thire (I)

va mot hodc nhiéu chét diéu tri bd sung cb thé duge st dung hau nhu ciing mot luc
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(nghia 13, theo cach dong thoi) hodc & cac thoi diém duge cach nhau (nghia 13, theo

trinh tu).

Cu thé 13, cac hop chit theo sang ché co thé dwoc st dung & dang td hop ¢b dinh
hoic riéng biét voi cac chét chdng ung thu khac nhu cac chit alkyl hoa, cac chit chéng
chuyén hoa, cac chét chéng khéi u thu duoc tir thuc vat, cac chét diéu tri hooc mén,
cac chit ac ché topoisomeraza, cac chat trc ché tubulin, cac chit &rc ché kinaza, cac
duoc chét dich, cac khang thé, cac tiép hop khang thé-duoc chit (ADC), cac chét bién
dbi dap tmg mién dich, sinh hoc, cac hop chit chéng hinh thanh mach va céc chit
chbng ting sinh té bao khac, doc té bao va/hodic doc t6 té bao. V& vin dé nay, sau day
1a danh sach khong han ché v& cac vi du clia chit thir hai ma c¢6 thé duoc st dung két

hop véi cac hop chét theo sang ché:

Abarelix, abirateron, aclarubicin, afatinib, aflibercept, aldesleukin,
alemtuzumab, alitretinoin, alpharadin, altretamin, aminoglutethimit, amonafit, amru-
bicin, amsacrin, anastrozol, andromustin, arglabin, asparaginaza, axitinib, 5-azacitidin,
basiliximab, belotecan, bendamustin, bevacizumab, bexaroten, bicalutamit, bisantren,
bleomycin, bortezomib, bosutinib, brivanib alaninat, buserelin, busulfan, cabazitaxel,
CAL-101, canxi folinat, canxi levofolinat, camptothecin, capecitabin, carboplatin,
carmofur, carmustin, catumaxomab, cediranib, celmoleukin, cetuximab, chlorambucil,
chlormadinon, chlormethin, cidofovir, cisplatin, cladribin, axit clodronic, clofarabin,
combretastatin, crisantaspaza, crizotinib, xyclophosphamit, cyproteron, cytarabin,
dacarbazin, dactinomycin, darbepoetin alfa, darinaparsin, dasatinib, daunorubicin,
decitabin, degarelix, denileukin diftitox, denosumab, deslorelin, dibrospidium clorua,
docetaxel, dovitinib, doxifluridin, doxorubicin, dutasterit, eculizumab, edrecolomab,
eflornithin, elliptin axetat, eltrombopag, endostatin, enocitabin, epimbicin, epirubicin,
epitiostanol, epoetin alfa, epoetin beta, epothilon, eptaplatin, eribulin, erlotinib,
estradiol, estramustin, etoposit, everolimus, exatecan, exemestan, exisulind, fadrozol,
fenretinit, filgrastim, finasterit, flavopiridol, fludarabin, 5-flouracil, fluoxymesteron,
flutamit, foretinib, formestan, fotemustin, fulvestrant, ganirelix, gefitinib, gemcitabin,

gemtuzumab, gimatecan, gimeracil, glufosfamit, glutoxim, goserelin, histrelin,
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hydroxyure, axit ibandronic, ibritumomab tiuxetan, idarubicin, ifosfamit, imatinib,
imiquimod, improsulfan, intedanib, interferon alpha, interferon alpha-2a, interferon
alpha-2b, interferon beta, interferon gamma, interleukin-2, ipilimumab, irinotecan, ixa-
bepilon, lanreotit, lapatinib, lasofoxifen, lenalidomit, lenograstim, lentinan, lenvatinib,
lestaurtinib, letrozol, leuprorelin, levamisol, linifanib, linsitinib, lisurit, lobaplatin,
lomustin, lonidamin, lurtotecan, mafosfamit, mapatumumab, masitinib, masoprocol,
medroxyprogesteron, megestrol, melarsoprol, melphalan, mepitiostan, mercaptopurin,
methotrexat, metyl aminolevulinat, metyltestosteron, mifamurtit, mifepriston,
miltefosin, miriplatin, mitobronitol, mitoguazon, mitolactol, mitomycin, mitotan,
mitoxantron, molgramostim, motesanib, nandrolon, nedaplatin, nelarabin, neratinib,
nilotinib, nilutamit, nimotuzumab, nimustin, nitracrin, nolatrexed, ofatumumab,
oprelvekin, oxaliplatin, paclitaxel, palifermin, axit pamidronic, panitumumab,
pazopanib, pegaspargaza, peg-epoetin beta, pegfilgastrim, peg-interferon alpha-2b,
pelitrexol, pemetrexed, pemtumomab, pentostatin, peplomycin, perfosfamit, perifosin,
pertuzumab, picibanil, pirambicin, pirarubicin, plerixafor, plicamycin, poliglusam,
polyestradiol phosphat, ponatinib, porfimer natri, pralatrexat, prednimustin,
procarbazin, procodazol, PX-866, quinagolit, raloxifen, raltitrexed, ranibizumab, rani-
mustin, razoxan, regorafenib, axit risedronic, rituximab, romidepsin, romiplostim,
rubitecan, saracatinib, sargramostim, satraplatin, selumetinib, sipuleucel-T, sirolimus,
sizofiran, sobuzoxan, sorafenib, streptozocin, sunitinib, talaporfin, tamibaroten,
tamoxifen, tandutinib, tasonermin, teceleukin, tegafur, telatinib, temoporfin,
temozolomit, temsirolimus, teniposit, testolacton, testosteron, tetrofosmin, thalidomit,
thiotepa, thymalfasin, tioguanin, tipifarnib, tivozanib, toceranib, tocilizumab, topo-
tecan, toremifen, tositumomab, trabectedin, trastuzumab, treosulfan, tretinoin, triapin,
trilostan, trimetrexat, triptorelin, trofosfamit, ubenimex, valrubicin, vandetanib,
vapreotit, varlitinib, vatalanib, vemurafenib, vidarabin, vinblastin, vincristin, vindesin,

vinflunin, vinorelbin, volociximab, vorinostat, zinostatin, axit zoledronic va zorubicin.

Thong thudng, cac muc dich sau dy c6 thé dugc theo dudi bang td hop clia cac

hop chét theo sang ché véi cac chét chéng bénh ung thu khéc:
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e hoat tinh dugc cai thién trong viéc lam chim sy sinh trudng cta khdi u, trong viée
lam giam kich c& clia khéi u hodc tham chi trong viéc loai trir hoan toan khdi u duoc
so sanh v6i viéc diéu tri bang hoat chét don 1é;

e ¢6 thé sir dung hoa hoc tri liéu vé6i liéu thip hon so véi trong 1iéu phép diéu tri don;

e c6 thé c6 liéu phap diéu tri dung nap hon véi it tac dung phu so véi viée dung riéng
re;

e c6 thé diéu trj phd rong hon cia bénh ung thu va cac bénh khéi u;

e viéc dat duoc tde do dap ing cao hon vo6i lidu phap diéu tri;

e thoi gian séng 14u hon clia nguoi bénh so véi liéu phap didu tri don 1¢é.

Do d6, theo phwong an khac, sang ché d& cap dén dugc phdm bao gdm it nhét
mdt trong s& cac hop chét theo sang ché va mdt hodc nhidu chit diéu tri bd sung dé

di€u tri va/hodc ngédn ngura cac roi loan, dac biét la cac roi loan dugc ké dén trén day.

Trong diéu tri bénh ung thu, cac hop chit theo sang ché cling co thé dugc st

dung két hop véi liéu phap diéu tri phong xa va/hodc su can thiép phiu thuét.

Hon nira, cac hop chét c6 cong thirc (I) c6 thé duoc sir dung, dudi dang nguyén
chit hodc dudi dang ché phim, trong viéc nghién ctru va chin doan hodc dudi dang cac

chuén tham chiéu phén tich va twong tw, ma da dugc biét dén trong linh vuc nay.

Khi cac hop chét theo sang ché duoc dung lam dugc phim, cho con nguoi va
cac ddng vat c6 vi khac, ching c6 thé duoc sir dung du6i dang nguyen thé hodc dudi
dang dwoc phim chira, vi du, tir 0,1% dén 99,5% (t6t hon nita 13, tir 0,5% dén 90%)

hoat chit két hop véi mot hodc nhiéu ta duge duge dung.

Do d6, theo khia canh khac, sang ché @& cip dén dugc phim bao gbm it nhét
mdt trong s cac hop chét theo sang ché, thuong ciing véi mét hodc nhidu ta dugc tro,
khéng ddc, dugc dung. Cac duge phim nay 14 hitu hidu d& didu tri va/hodc ngan ngira

cac roi loan, dic biét la cac r6i loan dugc ké dén trén day.

Cac hop chéit theo sang ché c6 thé c6 tac dung toan than va/hoic theo cich cuc

bo. Dbi voi muc dich ndy, ching ¢6 thé dugc st dung theo cach thich hop nhu, vi dy,

-59-



20601

bang cach dung qua duong miéng, ngoai dwong ti€u hoa, phdi, mii, ludi, dudi ludi,
khoang miéng, tryc trang, da, qua da, mang két, tai hodc cuc b hodc duéi dang md

ghép hoic stent.

Déi voi cac duong dung nay, cac hop chét theo sang ché co thé dwgc sir dung &

cac dang ap dung thich hgp.

Thich hop dbi voi viéc ding qua duong miéng 1a cac dang ap dung ma co chirc
ning theo kj thudt da biét va phan phdi cic hop chit theo sang ché mot cach nhanh
chong va/hoic theo cach duge bién dbi va ma chira cac hop chét theo sang ché & dang
tinh thé, vo dinh hinh va/hoic dugc hoa tan, nhu, vi du, vién nén (vién nén khéng dugc
bao ngoai hodc dugc bao ngoai, vi du co cac 16p bao dung trong rudt hodc cac 16p bao
ma khong hoa tan hogic hoa tan véi viéc tri hodn va kiém soat sy giai phong cia hop
chét theo sang ché), vién nén ma gay phan ra mot cach nhanh chong trong miéng hoic
mang/mang mong, mang/san pham thang hoa, vién nang (vi dy, vién nang gelatin ctng
hodic mém), vién nén dugc bao duong, hat, vién, bot, nhil twong, huyén phu, sol khi

ho#c dung dich.

Viéc ap dung ngoai duong tidu hoa c6 thé duge thuc hién véi viée ngin ngira
budc hip thu (trong tinh mach, trong dong mach, trong tim, trong xuong sdng hoic
trong thét lung) hodc véi viéc bao gdm su hip thu (trong co, dudi da, trong da hodc
trong bung). Cac dang ap dung ngoai duong tiéu ho hitu ich bao gdm cac dugc phim

dé tiém va truyén & dang dung dich, huyén phu, nhii twong, kho lanh va bdt vo tring.

Céc dang thich hop dbi voi cac duong ding khac bao gdm, vi du, dang dugc
phém dé xong (vi du dung cu xdng bdt, dung cu khi dung), giot nhé miii, dung dich
hodc phun, vién nén hodc vién nang dugc dung qua ludi, dudi ludi hodc khoang miéng
(vi du vién thudc det va tron, vién thudc hinh thoi), vién thudc dan, duogc phém dung
cho tai va mit (vi du nho giot, thubc m&), vién nang dat 4m dao, huyén phu trong nuéc
(thubc xirc ngoai da, hdn hop lic), huyén phu wa lipit, thubc md, kem, sira, bot nhao,

bot, bdt tao bui, cac hé diéu tri qua da (vi du miéng dip), md ghép va stent.
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Theo phuong an dwgc wu tién, dugc phim bao gém hop chit cé cong thic (I)
nhu duge xac dinh trén ddy dugce d& xudt & dang thich hop dé dung qua dwong miéng.
Theo phuong an dugc wu tién khac, dugc pham bao gdm hop chét c6 cong thire (I) nhu

duoc xac dinh trén day dugc dé xuit & dang thich hop dé dung trong tinh mach.

Cac hop chit theo sang ché c¢6 thé dugc chuyén hoa thanh cac dang phim da
duoc ké dén theo phuong thirc da dwoc biét dén bing cach tron voi ta duoc tro, khong
doc, dugc dung. Céc ta dugc nay bao gdm, khong ké cac chét khac, chit mang (vi du
xenluloza dang vi tinh thé, lactoza, manitol), cac dung méi (vi du polyetylen glycol
dang 16ng), cac chét nhil twong (vi du natri dodexyl sulfat), chat hoat dong bé mit (vi
du polyoxysorbitan oleat), cac chdt gy phén tan (vi du polyvinylpyrolidon), cac
polyme tw nhién va tdng hop (vi du albumin), cac chit lam én dinh (vi du cac chét
chéng oxy hoa nhu, vi du, axit ascorbic), cac chét tao mau (vi du céac sic t6 vo co nhu,

vi du, sat oxit), va cac chat che vi va/hodc mui.

Liéu dugc wu tién cia hop chit theo sang ché 1a lidu t6i da ma nguoi bénh co
thé dung nap va khong xuét hién cac tac dung phu trdm trong. Theo cach minh hoa,
hop chit theo sang ché c6 thé dugc sir dung ngoai dudng tiéu hoa & liéu nam trong
khoang tir 0,001mg/kg dén 1mg/kg, tét hon 1a ndm trong khoang tir 0,01mg/kg dén
0,5mg/kg thé trong. Dbi véi viéc ding qua dwong miéng, khoang liéu 14y lam vi du 1a
nim trong khoang tir 0,01 dén 100mg/kg, t6t hon 1a nim trong khoang tir 0,01 dén
20mg/kg, va tdt hon nira 1a ndm trong khoang tir 0,1 &én 10mg/kg thé trong. Cac
khoang lidu cta cac hop chét trung gian dén gia tri dugc ké dén trén déy cling duoc du

dinh 1a mot phan cia sang ché.

Tuy nhién, cac mirc liéu thuc va khoang thoi gian ding cta hoat chét trong cac
duoc phim cua sang ché c¢6 thé thay dbi sao cho thu dugc lwong clia hoat chit ma la
hiru hiéu @& dat dugce dap tmg diéu tri mong mudn ddi voi nguoi bénh cu thé, dwoc
phdm va dudng dung, ma 1a khéng doc dbi véi ngudi bénh. Do d6, néu can thiét, khi
thich hop c6 thé thay dbi lidu lwong ndm ngoai pham vi da néu, cu thé 1a tiy thudc vao

tudi téc, gidi tinh, thé trong, khiu phan in va trang thai sitc khoé tong thé clia ngudi
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bénh, muc sinh kha dung va cac dic diém dugc dong hoc cia hop chit cu thé va
phuong thirc va duong dung cla no, thoi gian hoc khoang thoi gian ma trong do viéc
dung thubc dugc thyc hién, ché d9 lidu dugc chon, sy dap img ctia ngudi bénh riéng ré
v6i hoat chét, bénh cu thé duge bao gdm, mic d6 hodc sy lién quan hoic mirc trim
trong cua bénh, kidu didu tri ddng quy (nghia 1a, sy trong tic clia hop chét theo sang

ché véi cac phuong phap cing diéu tri khac), va cac trudng hop 6 lién quan khac.

Do d6, c6 thd 1a thod man trong mot sb truong hop chi cho ding lidu it hon
luong tbi thidu dugc ké dén trén day, trong khi trong cac truong hop khac, gidi han
trén da néu co thé duoc vuot qua. Viée diéu tri co thé dugc khoi mao voi cac lidu nho
hon, ma 13 it hon lidu ti wu clia hop chat. Sau do, liéu co thé dugc gia ting boi sy gia
ting nho cho dén khi dat dugc tac dung tbi wu trong cac truong hop. Pé tién loi, tong
lidu hang ngay c6 thé dugc chia nhé va dugc dung theo cic phn riéng r& kéo dai trong

ca ngay.

Céc phuong 4n 14y 1am vi du sau day minh hoa sang ché. Sang ché khong bi gidi

han trong cac vi du nay.

Ty 18 phén trim trong cic thir nghiém va vi du sau déy la, trir khi dugc chi ra
theo cach khac, theo trong luwgng; cac phén 1a theo trong lugng. Cac ty 1€ dung mdi, ty
1& pha lodng va ndng do dugc bao cao dbi véi mdi dung dich dang 16ng/chéit 1ong 13

duoc dua trén thé tich.

Vi du thye hién sang ché

A. Vidu

Céc chit viét tat va tu viét tit:

Ac axetyl

AcO axetic anhydrit

AcOH axit axetic

aq. dang nuoc (dung dich)
Boc tert-butoxycacbonyl
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Bu

cat.

conc.

d
DBDMH
DCI
DCM

Dess-Martin periodinan

DIPEA
DMF
DMSO
EI
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rong (tin hiéu 'H-NMR)

butyl

xuc tac

duoc co dac

vach d6i (tin hiéu 'H-NMR)
1,3-dibromo-5,5-dimetylhydantoin
ion hoa hoa hoc truc tiép (MS)
diclometan
1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-on
N, N-diisopropyletylamin
N,N-dimetylformamit
dimetylsulfoxit

ion hoa va cham dién tir (MS)

(cac) duong lugng

ion hoa bang phun dién tir (MS)
etyl

etyl axetat

phd khédi két hop séic ky khi

(cac) gio

halogen

quang phd cong hudng tir hat nhan proton
sic ky 16ng hiéu ning cao
isopropyl

phé khéi két hop séc ky 1ong

metyl

metanol

(cac) phut

phd khéi

ty 18 khéi luong trén dién tich (MS)

N-bromosuxinimit
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n-Bu
NCS
theo th.
Pd/C
PdClx(dppf)
Pd(dba),
Ph

PPA

q

quant.
rac

Rs

RP

rt

R¢

S

sat.

TBAF
TBDMS
TBTU

tBu
tert
TFA
THF
TLC
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n-butyl

N-closuxinimit

theo ly thuyét (hiéu sut hoa hoc)
paladi trén cacbon
[1,1'-bis(diphenylphosphino)feroxen]diclopaladi(II)
bis(dibenzylidenaxeton)paladi
phenyl

axit polyphosphoric

vach bdn (tin hiéu 'H-NMR)
dinh luong (hiéu suét)

raxemic

Yéu té duy tri TLC

pha dao (HPLC)

nhiét d6 trong phong

thoi gian duy tri (HPLC)

vach don (tin hiéu 'H-NMR)

bao hoa (dung dich)

vach ba (tin hiéu 'H-NMR)
tetra-n-butylamoni florua
tert-butyldimetylsilyl
N-[(1H-benzotriazol-1-yloxy)(dimetylamino)metylen]-N-
metylmetanamin tetrafloborat
tert-butyl

béc ba

axit trifloaxetic

tetrahydrofuran
séc ky 16p mong
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Cac phuong phap LC-MS va GC-MS:
Phuong phap 1 (LC-MS):

Thiét bi: Micromass Quattro Premier véi Waters UPLC Acquity; cot: Thermo Hypersil
GOLD 1,9y, 50mm x 1mm; ria giai A: 1L nuoc + 0,5mL 50% axit formic trong nudc,
rira giai B: 1L axetonitril + 0,5ml 50% axit formic trong nudc; gradient: 0,0 phut 90%
A — 0,1 phit 90% A — 1,5 phit 10% A — 2,2 phit 10% A; nhiét d6: 50°C; tbc do
dong chay: 0,33mL/phut; phat hién nho tia cyc tim: 210nm.

Phuong phap 2 (LC-MS):

Thiét bi: Waters Acquity SQD UPLC System; cdt: Waters Acquity UPLC HSS T3
1,8n, 50mm x Imm; rua giai A: 1 L nudc + 0,25mL 99% axit formic, rira giai B: 1 L
axetonitril + 0,25mL 99% axit formic; gradient: 0,0 phut 90% A — 1,2 phut 5% A —
2,0 phut 5% A; 10: 50°C; tdc d6 dong chay: 0,40mL/phit; phat hién nhé tia cyc tim: tir
210 dén 400nm.

Phuong phap 3 (LC-MS):

Thiét bi: Micromass Quattro Micro v6i HPLC Agilent 1100 Series; cot: YMC-Triart
C18 3p, 50mm x 3mm; ra giai A: 1 L nudc + 0,01mol amoni cacbonat, ra giai B:
1 L axetonitril; gradient: 0,0 phut 100% A — 2,75 phut 5% A — 4,5 phut 5% A; lo:
40°C; tbc d dong chay: 1,25mL/phut; phat hién nhd tia cye tim: 210nm.

Phuong phap 4 (LC-MS):

Thiét bi: Waters Acquity SQD UPLC System; cot: Waters Acquity UPLC HSS T3
1,8, 30mm x 2mm; ria giai A: 1 L nudc + 0,25mL 99% axit formic, rira giai B: 1L
axetonitril + 0,25mL 99% axit formic; gradient: 0,0 phut 90% A — 1,2 phut 5% A —
2,0 phit 5% A; 10: 50°C; tc d6 dong chay: 0,60mL/phut; phat hién nho tia cyc tim: tir
208 dén 400nm.
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Phuong phap 5 (LC-MS):

Thiét bi: Micromass Quattro Premier vi Waters UPLC Acquity; cot: Thermo Hypersil
GOLD 1,9, 50mm x 1mm; rira giai A: 1 L nudc + 0,5mL 50% axit formic trong nudc,
rira giai B: 1 L axetonitril + 0,5ml 50% axit formic trong nudc; gradient: 0,0 phat 97%
A — 0,5 phiit 97% A —> 3,2 phiit 5% A — 4,0 phit 5% A; nhiét do: 50°C; tée do dong
chay: 0,3mL/phut; phét hién nho tia cyc tim: 210nm.

Phuong phap 6 (GC-MS):

Thiét bi: Micromass GCT, GC6890; cot: Restek RTX-35, 15m x 200pm x 0,33pm;
dong chay heli khong dbi: 0,88mL/phut; 16: 70°C; 16i vao: 250°C; gradient: 70°C,
30°C/phut — 310°C (duy tri trong 3 phut).

Phuong phap 7 (LC-MS):

Thiét bi MS: Waters Micromass QM; Instrument HPLC: day Agilent 1100; cot:
Agilent ZORBAX Extend-C18 3,0mm x 50mm, 3,5p; rira giai A: 1 L nudc + 0,01mol
amoni cacbonat, rira giai B: 1 L axetonitril; gradient: 0,0 phut 98% A — 0,2 phut 98%
A — 3,0 phit 5% A — 4,5 phit 5% A; nhiét dd: 40°C; tbc dd dong chay:
1,75mL/phit; phat hién nho tia cyc tim: 210nm.

Phuong phap 8 (LC-MS):

Thiét bi MS: Waters Micromass ZQ; Instrument HPLC: diy Agilent 1100; cot: Agilent
ZORBAX Extend-C18 3,0mm x 50mm, 3,5u; rira giai A: 1L nudc + 0,01mol amoni
cacbonat, rira giai B: 1 L axetonitril; gradient: 0,0 phut 98% A — 0,2 phit 98% A —
3,0 phitt 5% A — 4,5 phit 5% A; nhiét do: 40°C; tbc d6 dong chay: 1,75mL/phit; phat
hién nho tia cyc tim: 210nm.

Cac phuong phép tinh ché chung (xem bang I va II dudi day):

Phuong phap P1:

RP-HPLC diéu ché (Reprosil C18, gradient axetonitril/0,2% dung dich nuéc axit

trifloaxetic).

-66-



20601

Phuong phap P2:

RP-HPLC diéu ché (XBridge C18, gradient axetonitril/nudc + 0,1% dung dich nuéc
amoniac).

Phuong phap P3:

RP-HPLC diéu ché (Sunfire C18, gradient axetonitril/nudc).

Phuong phap P4:

RP-HPLC diéu ché (XBridge C18, gradient axetonitril/nuéc + 0,05% dung dich nuéc
amoniac).

Phuong phap P5:

San phim thu dugc tir viéc tinh ché RP-HPLC trén ddy dugc hoa tan trong
metanol va loc qua cot trao dbi anion (Stratospheres SPE, PL-HCO3; MP-nhya). Cot
duoc rira giai b%mg metanol, va dich lgc dugc lam bay hoi.

Phwong phap P6:

Dung dich chira san phdm trong etyl axetat dugc rira bang dung dich nudc natri

hydrocacbonat bio hoa sau d6 rira bang dung dich nuéc natri clorua bio hoa, lam kho

trén magie sulfat, loc va lam bay hoi.

Céc nguyén liéu ban dau va hop chit trung gian:
Hop chét trung gian 1A
2-Metoxy-4-metylanilin

H,C

NH
0O

H,C
Khudy hdn hop gdm S5-metyl-2-nitroanisol (265g, 1,58mol) va 10% Pd/C
(39,75g) trong THF (1,32L) qua dém & nhiét do trong phong trong latm hydro. Loc
qua dét tao cat va 1am bay hoi thu dugc 216,1g san phdm thé, sin phim niy duoc st

dung trong budc tiép theo ma khdng can tinh ché thém.
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LC-MS (phuong phap 3): R¢ = 2,39 phut; MS (ESIduong): m/z = 138 (M+H)"

'H-NMR (400 MHz, DMSO-ds): & = 6,45-6,63 (m, 3H), 4,46 (s, 2H), 3,72 (s, 3H),
2,16 (s, 3H) ppm.

Hop chét trung gian 2A

2-Metoxy-4-metylbenzenthiol

H,C

SH

H,C
Phuong phap 1:

Thém nho giot dung dich chira natri nitrit (7g, 101,4mmol) trong nudc (25ml)
vao dung dich dugc 1am lanh (tir 0° dén 5°C) chira hop chét trung gian 1A (13,7g,
100mmol) trong axit clohydric dam dic (30ml) va nudc (85ml). Sau khi khudy & 0°C
trong 10 phut, natri axetat (15g, 182,8mmol) dugc thém vao. Thém nhd giot hdn hop
thu dwgc vao dung dich néng (tir 70° dén 80°C) chira kali O-etyl dithiocacbonat (30g,
187,1mmol) trong nudc (140ml), khudy & nhiét 9 nim trong khoang tir 70°C dén
80°C trong 1 gi¢ va sau d6 d& ngudi dén nhiét do trong phong. Chiét hdn hop hai 14n
bang etyl axetat, va cic dich chiét hiru co gom lai duoc 1am khd qua natri sulfat va lam
bay hoi. Phan can dugc hip thu trong 1,3M dung dich chwra kali hydroxit trong etanol
(300ml). Thém glucoza (8g) vao va dun hdi luu hdn hop thu duge trong 3 gid. Sau do,
lam bay hoi dung mdi etanol, va phan cin dugc pha lodng bing nude va axit hoa bing
dung dich nudc axit sulfuric 6N. Thém tr tur bdt kém (15g) vao va gia nhiét hdn hop
thu dugc dén 50°C trong 30 phut. Sau d6, d ngudi hdn hop dén nhiét do trong phong,
pha lodng bang diclometan va loc. Phan dich loc dugc chiét hai 1in bing diclometan,
va cac dich chiét hitu co gom lai dugc 1am kho qua natri sulfat va lam bay hoi thu dugc
14,3g san phim tho, san phdm nay duoc str dung trong budc tiép theo ma khong cin

tinh ché thém.
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Phuong phap 2:

Thém dung dich 4m chira 355ml (6,67mol) axit sulfuric d4m dic trong 1,1L
nude vao 2,9L THF. G 50°C, thém 293 g (1,33mol) 2-metoxy-4-metylbenzensulfonyl
clorua vao trong diéu kién c6 khudy. Sau d0, thém cén than 521 g (7,97mol) bot kém
vao theo cic phin (tao bot) va phan img toa nhiét khéng dang ké dwoc 1am mat trong
bé nudc dé duy tri nhiét d6 tir 50° dén 55°C. Tiép theo, khudy hdn hop & 55°C trong 3
gio. Su tién trién cta phan img dugc kidm tra béi TLC (silicagel, petrolete/etyl axetat
95:5). R6t hdn hgp phan tng vao 13,6L nude, thém 6,8L diclometan vao va khudy hdn
hop trong 5 phiit. Sau khi gan tdch k&m con lai va tach pha, pha nudc duge chiét mot
1an nira bang 6,8L diclometan. Rira cac pha hiru co gom lai bing 10% nudc mudi, lam
kho va lam bay hoi & 40°C dudi ap suét giam thu dugce 237g san phim tho. Nguyén
liéu ndy dugc st dung trong bude tiép theo ma khong cin tinh ché thém. MAu phén
tich thu dugc bing cach sic ky trén silicagel voi petrolete/etyl axetat (97:3) 1am chét

rura giai.
LC-MS (phuong phép 1): R = 1,21 phit; MS (ESIam): m/z = 153 (M-H)"

'TH-NMR (400 MHz, DMSO-d¢): 8 = 7,17 (d, 1H), 6,81 (s, 1H), 6,66 (d, 1H), 4,63 (br,
s, 1H), 3,80 (s, 3H), 2,26 (s, 3H) ppm.

Hop chét trung gian 3A
1-[(2,2-Dietoxyetyl)sulfanyl]-2-metoxy-4-metylbenzen

H,C

0O

H,C

S/ﬁ/o\/CHB
O\/CH3

Tao huyén phu 237g nguyén lidu thd tir hop chit trung gian 2A, 287g (1,46mol)
bromoaxetaldehyt-dietylaxetal va 862g (2,65mol) xeri cacbonat trong 2L. DMF. Nhiét

d6 phan ng dau tién dugc gia ting dén 40°C, sau do, tiép tuc khudy qua dém & nhiét
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d6 mdi trudng. Hon hop phan imng duge phan b gitra 10L nudc va 2,7L etyl axetat.
Pha nudc dugc chiét bang mét phan 2,7L etyl axetat khac. Rira cac pha hitu co gom lai
bang 10% nude mudi, 1am khd va 1am bay hoi. Tinh ché phan cin dang du thu dugc

bang séc ky silicagel véi petrolete/etyl axetat (95:5) lam chét ria giai.
Hiéu sut: 236g dau (66% theo ly thuyét)
GC-MS (phuong phap 6): R; = 6,03 phut; MS (Elduong): m/z =270 (M)*

'H-NMR (400 MHz, DMSO-d¢): & = 7,16 (d, 1H), 6,82 (s, 1H), 6,73 (d, 1H), 4,55 (t,
1H), 3,80 (s, 3H), 3,52-3,64 (m, 2H), 3,39-3,51 (m, 2H), 2,96 (d, 2H), 2,33 (s, 3H),
1,09 (t, 6H) ppm.

Hop chét trung gian 4A
7-Metoxy-5-metyl-1-benzothiophen

H,C

Thém nho giot dung dich chira 5,2g (19,2mmol) hop chit trung gian 3A vao hén
hop dang dun hdi luu bao gdm 13g axit polyphosphoric va 150ml clobenzen va tiép tuc
dun hdi luu qua dém. Sau khi d& ngudi, gan 16p hitu co va phin can va binh thot cb
duoc rira hai 14n bing DCM. Cac pha hitu co gom lai duge 1am bay hoid ap suit giam.
Séc ky phén can (3,76g) trén silicagel véi isohexan/tlr 0 dén 10% etyl axetat lam chét

rura giai.
Hiéu sudt: 1,69g diu (49% theo ly thuyét)
GC-MS (phuong phap 6): R = 5,20 phut; MS (Elduong): m/z =178 (M)*

'H-NMR (400 MHz, DMSO-ds): & = 7,68 (d, 1H), 7,34 (d, 1H), 7,28 (s, 1H), 6,78 (s,
1H), 3,93 (s, 3H), 2,43 (s, 3H) ppm.
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Hop chét trung gian 5SA

Axit (7-metoxy-5-metyl-1-benzothiophen-2-yl)boronic

Hsc OH
/
A\ 4
S OH
O
H.Cc~

3

Trong mdi trudng khi argon, hoa tan 26,7g (150mmol) hop chét trung gian 4A
trong 270ml THF va dugc lam lanh dén -70°C. G nhiét d6 nim trong khoang tir -70°C
dén -65°C, thém nho giot 66ml (165mmol) 2,5N dung dich chira n-butyllithi trong
hexan vao trong 20 phut, din dén sy hinh thanh chit két tia mau tréng. Sau khi khudy
trong 1 gio & -70°C, thém 41,5ml (180mmol) triisopropyl borat vao ¢ nhiét do nay
trong 10 phit (tao ra huyén phu dic). Tiép tuc khudy trong 1 gid & -70°C, trude khi
hén hop phan ng dugc dé 4m dén nhiét do trong phong qua dém. Sau d6, thém 400ml
dung dich nudc amoni clorua bao hoa vao, tach cac 16p va chiét 16p nudc mot 1an nita
bang THF. Cac pha hitu co gom lai dugc 1am bay hoi dudi ap sudt giam. Thém 200ml
nude va 86ml dung dich nude natri hydroxit 2N vao phan cin. Rira dung dich hai 1an
bing DCM, tiép theo axit hoa bing 35ml axit sulfuric 3M va khudy manh huyén phu
thu duoc trong 1 gio. Loc chit két tha bang cach hit va lam kho trén dém & 45°C trong

chéan khong.

Hiéu sut: 28,25g chit rén khong mau (d6 tinh khiét 94% bang LC-MS, 80% theo Iy
thuyét)

LC-MS (phuong phap 2): R;= 0,87 phut; MS (ESIduong): m/z =223 (M+H)"

IH-NMR (400 MHz, DMSO-de): 3 = 7,17 (d, 1H), 6,81 (s, 1H), 6,66 (d, 1H), 4,63 (br,
s, 1H), 3,80 (s, 3H), 2,26 (s, 3H) ppm.

Hop chét trung gian 6A

2-(7-Metoxy-5-metyl-1-benzothiophen-2-yl)-6-metyl-1,3,6,2-dioxazaborocan-4,8-dion
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(0]
H,C 0)]\
\ /
: N—CH,
S O\H/
(0]
H,C” o

Hoa tan 6,3g (28,4mmol) hop chét trung gian SA va 4,2g (28,4mmol) axit 2,2'-
(metylimino)diaxetic trong hdn hop gébm 45ml DMSO va 400ml toluen va dun hdi luu
trong 16 gio bing cach st dung biy Dean-Stark. Sau khi lam bay hoi, phan cin dugc
hép thy vao etyl axetat va rira ba l4n bing nudc va mot lan bang nudc mudi. Lam khd
pha hitu co qua magie sulfat va 1am bay hoi dén thé tich khoang 200ml. Loc chét rin
mau tring dugc két tia, rira bing etyl axetat va lam khé trong chan khong dé thu dugc
dot thir nhét (5,52g) hop chét néu & dé muc nay. Pot thir hai (3,32g) thu dugc sau khi
lam bay hoi dich nu6c cai va sic ky nhanh qua 16p silicagel bang cach st dung

xyclohexan/tir 0 dén 100% etyl axetat 1am chét rira giai.
Hiéu suét: 8,84g (d6 tinh khiét tong thé 92,5% theo LC-MS, 87% theo ly thuyét)
LC-MS (phuong phap 2): R = 0,93 phat; MS (ESIduong): m/z = 334 (M+H)"

'TH-NMR (400 MHz, DMSO-d¢): & = 7,42 (s, 1H), 7,26 (s, 1H), 6,76 (s, 1H), 4,40 (d,
2H), 4,17 (d, 2H), 3,92 (s, 3H), 2,63 (s, 3H), 2,42 (s, 3H) ppm.

Hop chét trung gian 7A

Etyl 4-aminopyrolo[2,1-f][1,2,4]triazin-6-carboxylat

NH,
N7 = o
s Nt/

N 0—\

CH,

Khudy dung dich chira 4-aminopyrolo[2,1-f][1,2,4]triazin-6-carbonitril (3,9g,

24,5mmol; ché phém dugc md ta trong cong bd don sang ché quéc t&¢ s6 WO
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2007/064883) trong etanol (124,8ml) bang axit sulfuric d4m dic (62,4ml) & 80°C qua
dém. Sau khi dé ngudi dén nhiét d trong phong, rét hdn hop phan g vao 800g nudce
d4 va diéu chinh dén d6 pH nim trong khoang tir 6 dén 7 bang dung dich nudc natri
hydroxit ddm ddc. Thém etyl axetat (500ml) va diclometan (500ml) vao huyén phu va
loc hdn hop thu duge qua dét tao cat. Tach 16p hiru co tir 16p nude. Hoa tan chét rin
trong nude nong (1L) va chiét 16p nudc hai 1an bang etyl axetat. Lam kho cac 16p hitu
co gom lai qua natri sulfat va lam bay hoi. Nghién phdn cin bing hdn hop
isopropanol/dietylete va loc chét ran thu dugc 2,5g (49% theo ly thuyét) hop chit néu &

dé muc nay.
LC-MS (phuong phap 2): R = 0,59 phuat; MS (ESIduong): m/z =206 (M+H)*

IH-NMR (400 MHz, DMSO-ds): 8 = 8,11-7,97 (m, 3H), 7,88 (s, LH), 7,34 (br, s, 1H),
4,27 (q, 2H), 1,30 (t, 3H) ppm.

Hop chét trung gian 8A
(4-Aminopyrolo[2,1-f][1,2,4]triazin-6-yl)metanol

NH

2
N =
Y
Dung dich dwgc 1am mat bing nudc da chira hop chit trung gian 7A (3,0g,
14,5mmol) trong THF (30ml) dugc xtr Iy bang dung dich lithi trietylbohydrua 1M trong
THF (58ml) va khudy & nhiét d6 trong phong trong 45 phut. Sau d6, lam mat hdn hop
phan ng dén 0°C, dép tt phan g bang metanol, lam 4m mét cach tir tir dén nhiét do
trong phong va hip thu vao dét tao cat. Tinh ché bing sic ky cot trén silicagel
(diclometan/metanol 20:1 — 4:1 gradient) thu duoc 2,21g (92,5% theo 1y thuyét) hop

chat néu & dé muc nay.

LC-MS (phuong phap 3): Rt = 1,46 phut; MS (ESIduong): m/z = 164 (M+H)"
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'H-NMR (400 MHz, DMSO-ds): 8 = 7,75 (s, 1H), 7,64 (br, s, 2H), 7,50 (br, d, 1H),
6,79 (br, d, 1H), 5,01 (t, 1H), 4,50 (d, 2H) ppm.

Hop chét trung gian 9A
tert-Butyl [2-xyano-4-(hydroxymetyl)-1H-pyrol-1-yl]carbamat

O CH

3
CH,

" oH,

N __CN
&
HO

Trong mdi trudng khi argon, thém dung dich 1M chira metylmagie bromua
trong THF (13,3ml) trong 15 phat vao dung dich chira tert-butyl (4-bromo-2-xyano-
1H-pyrol-1-yl)carbamat (3,7g, 12,09mmol; ché phim dugc md ta trong cong bd don
sang ché qudc té s6 WO 2007/064883, hop chét trung gian AAE, budc 3) trong THF
(37ml) duoc lam lanh dén -60°C. Sau 30 phiit, thém dung dich 1,6M chira n-butyllithi
trong hexan (15,1ml, 24,2mmol) trong 10 phiit vao hdn hop phan tng va khudy hdn
hop thu dwgc & nhiét d6 nim trong khoang tir -60°C dén -40°C trong 1 gio. Sau do,
thém paraformaldehyt (1,09g, 36,3mmol) vao hdn hop phan tng va lam 4m mot cach
tir tir hdn hop phan tmg dén nhiét do trong phong va khudy qua dém. Sau khi dap tat
phan tng bang dung dich nudc amoni clorua bio hoa, chiét 16p nude hai 1an bang etyl
axetat. Rira cac pha hiru co gom lai bang dung dich nudc natri clorua bio hoa, 1am kho
trén natri sulfat va lam bay hoi. Tinh ché bing sic ky coOt trén silicagel
(xyclohexan/etyl axetat 2:1 — 1:1) thu dugc 2,04g (69% theo ly thuyét) hop chét néu &

dé muc nay.
LC-MS (phuong phap 4): R; = 0,70 phut; MS (ESIduong): m/z =238 (M+H)"

IH-NMR (400 MHz, DMSO-d): & = 10,79 (br, s, 1H), 7,09 (d, 1H), 6,86 (d, 1H), 4,97
(t, 1H), 4,28 (d, 2H), 1,45 (s, 9H) ppm.
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Hop chét trung gian 10A
6-(Metoxymetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin

NH,

N7 -

NP

N~ O—CH,
Phuong phap 1:

X ly dung dich chita hop chit trung gian 8A (1,3g, 7,9mmol) trong THF
(25ml) bang thionyl clorua (1,15ml, 15,8mmol) va khudy & nhiét do trong phong trong
2 gio. Sau khi 1am bay hoi, hoa tan phan cin trong metanol (25 ml) va xir Iy bing natri
axetat (1,3g, 15,8mmol). Khudy hdn hop trong 3 gio & 65°C va sau d6 lai lam bay hoi
1an nira. Tinh ché bang séc ky cot trén silicagel (diclometan/metanol 100:2) thu dwogc

787mg (55% theo 1y thuyét) hop chit néu & dé muc nay.
Phuong phap 2:

Dung dich chira hop chét trung gian 9A (6,14g, 25,88mmol) trong dung dich
4M chtra hydro clorua trong 1,4-dioxan (15ml) dugc khudy & nhiét d6 trong phong
trong 5 gio. Sau khi pha loang bang metanol (73ml), tiép tuc khudy & nhiét do trong
phong qua dém. Sau d6, thém kali phosphat (54,9g, 258,65mmol) va formamidin
axetat (13,46g, 129,32mmol) vao va khudy hdn hop thu duoc & 65°C trong 17 gio.
Lam bay hoi hdn hop phan ung, thém dung dich nudc natri clorua bdo hoa vao, va
chiét hdn hop bang diclometan, tiép theo chiét bing etyl axetat. Lam khd cac pha hitu
co gom lai trén natri sulfat va 1am bay hoi. Tinh ché bang sic ky cot trén silicagel
(diclometan/metanol 40:1 — 20:1) thu dugc 2,36g (49% theo 1y thuyét) hop chit néu &

d€ muc nay.

LC-MS (phuong phap 3): R: = 1,72 phut; MS (ESIduong): m/z =179 (M+H)*
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'H-NMR (400 MHz, DMSO-d): & = 7,77 (s, 1H), 7,69 (br, s, 2H), 7,57 (s, 1H), 6,81
(s, 1H), 4,42 (s, 2H), 3,25 (s, 3H) ppm.

Hop chét trung gian 11A

4-Amino-6-(metoxymetyl)pyrolo[2,1-f][1,2,4]triazin-7-carbaldehyt

Thém phosphoryl clorua (13,7ml, 147,18mmol) vao dung dich chira hop chét
trung gian 10A (5,24g, 29,43mmol) trong DMF (80ml) & 0°C. Khudy hén hop thu
duoc & 60°C trong 8 gio, sau d6 dap tit phan img mot cich cin than bing nude va lam
trung hoa bang dung dich nudc natri hydroxit 4M. Chiét 16p nudc bing etyl axetat.
Rira cac pha hitu co gom lai bing dung dich nudc natri clorua bio hoa, lam kho trén
magie sulfat va lam bay hoi. Dung dich chira phén cin trong metanol (50ml) dugc xir
Iy bang natri axetat (2,41g, 29,43mmol) va dun hdi hru qua dém. Pha loang hdn hop
phan {mg bang nudc va chiét bing etyl axetat. Rira cac pha hitu co gom lai bing dung
dich nuoc natri clorua bao hoa, lam kho trén magie sulfat va lam bay hoi, thu dugc
2,66g san phim tho, san phdm nay dugc st dung trong budc tiép theo ma khéng can

tinh ché thém.
LC-MS (phuong phap 4): Rt = 0,50 phut; MS (ESIduong): m/z =207 (M+H)"

TH-NMR (400 MHz, DMSO-ds): = 10,35 (s, 1H), 8,20 (br, s, 2H), 8,07 (s, 1H), 7,06
(s, 1H), 4,72 (s, 2H), 3,39 (s, 3H) ppm.

Hop chét trung gian 12A

4-Amino-5-bromo-6-(metoxymetyl)pyrolo[2,1-f][1,2,4]triazin-7-carbaldehyt
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Dung dich chira hgp chét trung gian 11A (thé, 2,66g) trong DMF (30ml), lam
lanh dén -30°C, duogc xur ly béng dung dich chira N-bromosuxinimit (NBS; 2,52g,
14,19mmol) trong DMF (14ml). Lam 4m mét cach tir tir hdn hop thu dwoc dén 0°C.
Sau 1 gio, 1am 4m hdn hop dén nhiét d6 trong phong, khudy trong 15 phit nita va sau
do6 dap tit phan ng bang dung dich nudc natri thiosulfat IM. Loc bo chét két tua va
rira bang etyl axetat, thu dugc 1,1g (100% tinh khiét, 30% theo ly thuyét) 1a lwong thir
nhét ctia hop chét néu & dé muc nay. Phan dich loc con lai dugc chiét bing etyl axetat.
Rira cac pha hitu co gom lai bang dung dich nudc natri clorua bao hoa, lam khd trén
natri sulfat va lam bay hoi. Tinh ché phin cin bing sic ky cot trén silicagel
(xyclohexan/etyl axetat 1:1 — 1:3) thu dwoc 1,39g (70% tinh khiét, 26% theo ly

thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 2): R¢ = 0,67 phut; MS (ESIdwong): m/z = 283/285 (M+H)*

"TH-NMR (400 MHz, DMSO-de): § = 10,36 (s, 1H), 8,63 (br, s, 1H), 8,13 (s, 1H), 7,23
(br, s, 1H), 4,64 (s, 2H), 3,26 (s, 3H) ppm.

Hop chét trung gian 13A

4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f]-
[1,2,4]triazin-7-carbaldehyt
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Trong moi trudng khi argon, thém dung dich nuwdc kali phosphat 0,5M da dugc
loai khi (9,9ml) vao dung dich chira hgp chét trung gian 12A (710mg, 2,49mmol), hop
chit trung gian SA (921mg, 3,73mmol) va (2'-aminobiphenyl-2-yl)(clo)paladi-
dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin (1:1; 196mg, 249umol; xem
4n phdm: S.L. Buchwald et al., J. Am. Chem. Soc. 132 (40), 14073-14075 (2010))
trong THF d3 duoc loai khi (28,4ml). Khudy hdn hop thu dugc & 60°C trong 2 gio va
sau d6 1am bay hoi. Tinh ché phan cin bang sic ky cot trén silicagel (xyclohexan/etyl
actetat 5:1 — 1:1) thu duoc 550mg (51% theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R = 1,06 phut; MS (ESIduong): m/z = 383 (M+H)*

'TH-NMR (400 MHz, DMSO-d¢): 6 = 10,50 (s, 1H), 8,43 (br, s, 1H), 8,21 (s, 1H), 7,42
(s, 1H), 7,33 (s, 1H), 6,87 (s, 1H), 6,09 (br, s, 1H), 4,58 (s, 2H), 3,96 (s, 3H), 3,19 (s,
3H), 2,46 (s, 3H) ppm.

Hop chét trung gian 14A

6-(Etoxymetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin

NH,

NZ =

N N7 o
CH,
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Phuong phap 1:

Thém 1,78ml (24,4mmol) thionyl clorua vao huyén phu chira 2g (12,2mmol)
hop chit trung gian 8A trong 40ml THF & nhiét d6 trong phong trong 20 gidy. Khudy
hén hop trong 1,5 gid, sau d6 1am bay hoi dén kho, va hoa tan phan cin trong 40ml
etanol. Thém 2g (24,4mmol) natri axetat vao va khudy hdn hop & 70°C trong 1 gid 45
phat. Lai lam bay hoi hdn hop phan {mg l4n nita va thém dung dich nudc natri
hydrocacbonat bio hoa vao. Chiét hdn hop nim 1dn bing etyl axetat. Rira cac pha hiru
co gom lai bing dung dich nuéc natri clorua bao hoa, lam khd bing magie sulfat va
lam bay hoi dén kho, thu dugc 2,02g san phém thé va san phdm ndy dwoc tinh ché

béng sic ky cot trén silicagel bing diclometan/metanol (tir 0 dén 2%) lam chét rira giai.
Hiéu sut: 1,37g (58% theo ly thuyét).
Phuong phap 2:

Budc 1: Xir ly dung dich chira hop chét trung gian 9A (2,3g, 9,69mmol) trong
1,4-dioxan (5Sml) bing dung dich 4M chtra hydro clorua trong 1,4-dioxan (24ml,
96,9mmol) va khudy & nhiét do trong phong trong 130 phut. Sau do, loc huyén phu, va
rira chit két tia bang 1,4-dioxan (Sml) va lam kho trong chan khong thu duge 1,01g
(54% theo ly thuyét) hop chit trung gian 1-amino-4-(clometyl)-1H-pyrol-2-carbonitril

hydroclorua.

Budc 2: hoa tan 1-amino-4-(clometyl)-1H-pyrol-2-carbonitril hydroclorua vira
duoc diéu ché & budc 1 (0,3g, 1,82mmol) trong etanol (10ml) va khudy & nhiét do
trong phong trong 5 phat. Xir ly dung dich trong sudt bing formamidin axetat (813mg,
7,81mmol) va kali phosphat (1,66g, 7,81mmol) va khudy trudc tién & nhiét do trong
phong trong 3 ngay, sau d6 & 80°C trong 10,5 gio. Thém tiép formamidin axetat
(488mg, 4,69mmol) vao va khudy hdn hop trong 18 gid nita & 80°C. Sau d6, lam mat
hdn hop dén nhiét dd trong phong, va thém nudc va etyl axetat vao. Tach pha hitu co,
va chiét pha nudc hai 1in bang etyl axetat. Rira cac pha hitu co gom lai bing dung dich

nude natri clorua bdo hoa, 1am kho bang magie sulfat va 1am bay hoi. Hoa tan phan cin
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trong hdn hop gdm metanol va diclometan, hip phu vao dit tao diatomit, sdy kho trong
chan khong va cudi ciing tinh ché bing sic ky trén silicagel (gradient tir 0 dén10%

metanol/diclometan) thu dugc 260mg (78% theo ly thuyét) hop chit néu & d& muc nay.
LC-MS (phuong phap 3): R¢ = 2,02 phut; MS (ESIduong): m/z = 193 (M+H)*

'H-NMR (400 MHz, DMSO-ds): 8 = 7,77 (s, 1H), 7,59-7,74 (br, s, 2H), 7,56 (s, 1H),
6,82 (s, 1H), 5,76 (s, 1H), 4,46 (s, 2H), 3,46 (q, 2H), 1,13 (t, 3H) ppm.

Hop chét trung gian 15A

4-Amino-6-(etoxymetyl)pyrolo[2,1-f][1,2,4]triazin-7-carbaldehyt

Thém nho giot 5,1ml (54,6mmol) phosphoryl clorua vao dung dich chia 2,1g
(10,9mmol) hop chét trung gian 14A trong 40ml DMF khé & 0°C trong moi trudong khi
agon. Khudy hdn hop & 60°C trong 10 gio. Sau do, thém nudc mot cach can than vao
hdn hop, va khudy hdn hop & nhiét d6 méi trudng cho dén khi tht ca cac hop chit trung
gian ctia phan ing dugc phan huy (HPLC kiém ching). Lam trung hoa dung dich axit
bing dung dich nudc natri hydroxit 1M va chiét ba 1in bing etyl axetat. Rira cac pha
hitu co gom lai bing dung dich nuéc natri clorua bdo hoa, 1am khd trén magie sulfat va

1am bay hoi & ap suét giam.
Hiéu sut: 1,94g (46 tinh khiét 90%, 81% theo ly thuyét)
LC-MS (phuong phap 5): R = 1,49 phuat; MS (ESIdwong): m/z =221 (M+H)*

I'H-NMR (400 MHz, DMSO-de): § = 10,35 (s, 1H), 8,14-8,26 (m, 2H), 8,07 (s, 1H),
7,07 (s, 1H), 4,76 (s, 2H), 3,58 (q, 2H), 1,20 (t, 3H) ppm.
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Hop chét trung gian 16A

4-Amino-5-bromo-6-(etoxymetyl)pyrolo[2,1-f][1,2,4]triazin-7-carbaldehyt

Thém nho giot dung dich chira 65g (0,37mol) NBS trong 200ml DMF vao dung
dich chira 73g (0,33mol) hop chét trung gian 15A trong 1,9L DMF ¢ -15°C. Pé 4m
hén hop dén 0°C va khudy trong 3 gid & nhiét do nay. R6t hdn hop phan ng vao dung
dich nudc natri thiosulfat 2% trong diéu kién c6 khudy va loc bo chit két tia, rira bang

nudc va lam khé trén phospho pentoxit trong chan khong.
Hiéu suit: 85,6g (86% theo 1y thuyét)
LC-MS (phuong phap 2): R¢= 0,76 phat; MS (ESIduong): m/z =299/301 (M+H)*

'H-NMR (400 MHz, DMSO-ds): 8 = 10,36 (s, 1H), 8,62 (br, s, 1H), 8,13 (s, 1H), 7,22
(br, s, 1H), 4,68 (s, 2H), 3,49 (q, 2H), 1,10 (t, 3H) ppm.

Hop chét trung gian 17A

4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-carbaldehyt
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Trong moi truong khi argon, 714mg (d6 tinh khiét 85%, 2,03mmol) hop chit
trung gian 16A, 946mg (2,84mmol) hop chét trung gian 6A va 160mg (0,2mmol) (2'-
aminobiphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-
yl)phosphin (1:1; xem 4n phim: S.L. Buchwald et al., J. Am. Chem. Soc. 132 (40),
14073-14075 (2010)) dugc tao huyén phu trong 15,5ml THF. Sau do, thém 15,5ml
dung dich 0,5M nudc kali phosphat da loai khi vao va khudy hdn hop & 50°C trong 16
gio. Sau khi thém nudc, chiét hdn hop bang etyl axetat, va 1am khé cac pha hitu co
gom lai trén magie sulfat va 1am bay hoi dudi ap sudt gidm. Tinh ché phan cén bing
sdc ky cot trén silicagel (100g) bang 10 dn 50% etyl axetat/ xyclohexan lam chét rira

giai.
Hiéu suét: 452mg (75% tinh khiét theo HPLC, 42% theo ly thuyét)
LC-MS (phuong phap 5): R¢ = 2,38 phat; MS (ESIdwong): m/z =397 (M+H)"

IH-NMR (400 MHz, DMSO-ds): 8 = 10,50 (s, 1H), 8,42 (br, s, 1H), 8,21 (s, 1H), 7,43
(s, 1H), 7,33 (s, 1H), 6,87 (s, 1H), 6,07 (br, s, 1H), 4,63 (s, 2H), 3,96 (s, 3H), 3,40 (q,
2H), 2,46 (s, 3H), 1,02 (t, 3H) ppm.

Hop chit trung gian 18A

(4-Amino-5,7-dibromopyrolo[2,1-f][1,2,4]triazin-6-yl)metanol
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NH,  Br

N7 =
s /
\N/N oH

Br

Xt ly dung dich chita hop chét trung gian 8A (5g, 30,4mmol) trong THF
(100ml) bang 1,3-dibromo-5,5-dimetylhydantoin (9,58g, 33,5mmol) va khudy & nhiét
d6 trong phong trong 2 gid. Loc chit két tiia va 1am khé trong chan khong dé thu dwoc

6,60g (64% theo ly thuyét) hop chit néu & ¢ muc nay.
LC-MS (phuong phap 2): R¢ = 0,56 phut; MS (ESIduong): m/z = 321/323/325 (M+H)*

IH-NMR (400 MHz, DMSO-d): & = 8,23 (br, s, 1H), 7,96 (s, 1H), 6,94 (br, s, 1H),
5,09 (br, s, 1H), 4,43 (s, 2H) ppm.

Hop chét trung gian 19A

(4-Amino-5-bromopyrolo[2,1-f][ 1,2,4]triazin-6-yl)metanol

NH2 Br
Qe
N/

\N/N OH

Gia nhiét huyén phu chira hop chét trung gian 18A (3,7g, 11,5mmol) trong THF
(800ml) trong diéu kién c6 khudy cho dén khi tan hoan toan. Sau d6, lam lanh hdn hop
dén -78°C, va thém nho giot dung dich »n-butyllithi 1,6M trong hexan (20ml, 32,1mmol)
vao. Sau 5 phut, thém tiép mét lugng dung dich n-butyllithi 1,6M (1,5ml, 2,29mmol)
vao. Khudy hdn hop thu dugc & -78°C trong 5 phut, sau d6 dap tit phan tng bing
metanol (5ml) va 1am 4m dén nhiét d6 trong phong. Pha lodng hdn hop phan ung bang
dung dich nudc amoni clorua bao hoa, dung dich nudc natri hydrocacbonat bao hoa,
dung dich nudc natri clorua bao hoa va etyl axetat. Sau khi tach pha, rira 16p hitu co
bing dung dich nudc natri clorua bdo hoa. Pha nudc gom lai dwge chiét biang etyl

axetat. Rira cac pha hitu co gom lai bang dung dich nuéc natri clorua bao hoa, 1am kho
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trén magie sulfat va 1am bay hoi dé thu dwoc 2,87g san phdm thé, san phdm nay duogc

st dung trong céc bude tiép theo ma khong cin tinh ché thém.
LC-MS (phuong phap 3): Ry = 1,73 phut; MS (ESIdwong): m/z = 243/245 (M+H)*

'H-NMR (400 MHz, DMSO-ds): & = 8,41-7,89 (br, s, 1H), 7,82 (s, 1H), 7,66 (s, 1H),
7,13-6,48 (br, s, 1H), 5,11 (t, 1H), 4,45 (d, 2H) ppm.

Hop chét trung gian 20A

[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-6-yl1]-

metanol

Huyén phu chira hop chét trung gian 19A (70% tinh khiét, 2,52g, 7,26mmol),
hop chét trung gian 6A (3,63g, 10,9mmol) va xeri florua (5,51g, 36,3mmol) trong hon
hgp THF/nude (10:1; 80ml) duge khir khi trong mdi trudng argon. Thém 4-(Di-tert-
butylphosphino)-N, N-dimetylanilin-diclopaladi (2:1; 176mg, 0,248mmol) vao va hdn
hop thu duoge lai duge khir khi va khudy & 50°C trong 16 gio. Sau d6, rira hdn hop
phan g bang dung dich nudc natri clorua bao hoa, va tach 16p hiru co, lam khd trén
magie sulfat, loc va lam bay hoi. Tao huyén phu phin cin trong metanol, va loc ldy
chét réin thu dugc va 1am kho trong chan khong dé thu dugc 1,97g (46 tinh khiét 90%,
72% theo ly thuyét) hop chat néu & dé muc nay.

LC-MS (phuong phap 2): Rt = 0,85 phut; MS (ESIduong): m/z = 340 (M+H)*
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'H-NMR (400 MHz, DMSO-ds): & = 7,91 (s, 1H), 7,5-8,1 (br, s, 1H), 7,72 (s, 1H),
7,35 (s, 1H), 7,30 (s, 1H), 6,84 (s, 1H), 5,5-6,0 (br, s, 1H), 5,06 (t, 1H), 4,49 (d, 2H),
3,95 (s, 3H), 2,45 (s, 3H) ppm.

Hop chét trung gian 21A

6-(Metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-4-amin

X ly dung dich chira hop chét trung gian 20A (400mg, 1,17mmol) trong
diclometan (12ml) bang thionyl clorua (128pl, 1,76mmol) va khudy & nhiét do trong
phong trong 15 phut. Sau khi 1am bay hoi, phin cin dugc hip thu vao metanol (12ml)
va xir Iy bang DIPEA (409ul, 2,35mmol). Cho hén hop hdi luu qua dém va sau do lai
lam bay hoi 14n nita. Tinh ché bang séic ky cot trén silicagel (diclometan/metanol 98:2

— 95:5) thu dugc 388mg (93% theo ly thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 2): R¢ = 1,00 phat; MS (ESIduong): m/z = 355 (M+H)"

I'H-NMR (400 MHz, DMSO-ds): & = 7,93 (s, 1H), 7,82 (s, 1H), 7,35 (s, 1H), 7,31 (s,
1H), 6,84 (s, 1H), 4,38 (s, 2H), 3,95 (s, 3H), 3,22 (s, 3H), 2,45 (s, 3H) ppm.

Hop chit trung gian 22A

6-(Etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][ 1,2,4]triazin-

4-amin
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Xt 1y hop chét trung gian 20A (200mg, 587pumol) trong diclometan (5ml) bing
thionyl clorua (64ul, 881pmol) va khudy & nhiét d6 trong phong trong 15 phat. Sau khi
lam bay hoi, dun hdi luu phén cin trong etanol (5ml) trong 1 gid, sau d6 xir Iy bang
DIPEA (204pl, 1,17mmol) va lai dun hdi lvu qua dém. Lam bay hoi hdn hop phan
{ng, va tinh ché san phdm thd bing séc ky cot trén silicagel (diclometan/metanol 98:2

— 95:5) thu dugc 202mg (90% theo 1y thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 5): R; = 2,32 phut; MS (ESIduong): m/z = 369 (M+H)*

I'H-NMR (400 MHz, DMSO-dg): & = 8,31-7,59 (br, s, 1H), 7,93 (s, 1H), 7,81 (s, 1H),
7,35 (s, 1H), 7,30 (s, 1H), 6,84 (s, 1H), 6,20-5,50 (br, s, 1H), 4,41 (s, 2H), 3,95 (s, 3H),
3,41 (g, 2H), 2,45 (s, 3H), 1,08 (t, 3H) ppm.

Hop chét trung gian 23A

tert-Butyl 4-{[4-amino-6-(hydroxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yDpyrolo[2,1-f][1,2,4]triazin-7-ylJmetyl} piperazin-1-carboxylat
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Xt ly dung dich chira hop chét trung gian 20A (9,5g, 27,9mmol) trong axit
axetic (136,8ml) bing tert-butyl piperazin-1-carboxylat (6,24g, 33,49mmol) va dung
dich nuéc formaldehyt 37% (2,5ml, 33,49mmol). Khudy hdn hop & 60°C trong 2,5 gio.
Sau khi 1am bay hoi, phin cin dugc hip thu vao etyl axetat, va rira hdn hop hai l4n
bang dung dich nude natri hydrocacbonat bao hoa, lam kh trén natri sulfat va lam bay
hoi. Nghién phén cin trong etanol dang sbi (100ml). Loc iy chét rin va rira bing

etanol va dietylete thu dugc 9,70g (58% theo ly thuyét) hop chét néu & dé& muc nay.
LC-MS (phuong phap 2): R; = 0,88 phut; MS (ESIduong): m/z =539 (M+H)*

'H-NMR (400 MHz, CDCL): & = 7,94 (s, 1H), 7,13-7,35 (m, 2H, chdng 1én dinh
CHCl), 6,67 (s, 1H), 5,86 (br, s, 1H), 5,54 (br, s, 2H), 4,68 (s, 2H), 4,08 (s, 2H), 4,00
(s, 3H), 3,45 (br, s, 4H), 2,59-2,48 (m, 7H), 1,45 (s, 9H) ppm.

Hop chét trung gian 24A

tert-Butyl 4-({4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-6-[(2-metoxy-2-
oxoetoxy)metyl]pyrolo[2,1-f][1,2,4]triazin-7-yl} metyl)piperazin-1-carboxylat
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Xu ly dung dich chira hop chit trung gian 23A (300mg, 556pmol) trong
diclometan (12ml) bang thionyl clorua (81pl, 1,11mmol) va khudy & nhiét do trong
phong trong 15 phit. Sau khi 1am bay hoi, hoa tan phan cin trong metylglycolat vira
chung cit dugc (2,5ml) va xir ly bang DIPEA (485pl, 2,78mmol). Khudy hdn hop &
70°C trong 2 gid, sau d6 lai dugc lam bay hoi 1an nita, va loai b metylglycolat du
bang cach chung cét. Tinh ché phan cin bang sic ky c6t trén silicagel (xyclohexan/etyl

axetat 1:5) thu dugc 136mg (33% theo 1y thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 2): R; = 0,88 phut; MS (ESIduong): m/z = 611 (M+H)*

IH-NMR (400 MHz, DMSO-de): & = 7,99 (s, 1H), 7,39 (s, 1H), 7,31 (s, 1H), 6,85 (s,
1H), 4,58 (s, 2H), 4,11 (s, 2H), 3,96 (s, 3H), 3,93 (s, 2H), 3,57 (s, 3H), 3,30-3,24 (m,
4H), 2,45-2,38 (m, 7H), 1,39 (s, 9H) ppm.

Hop chit trung gian 25A

tert-Butyl 4-{[4-amino-6-formyl-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-ylJmetyl } piperazin-1-carboxylat
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Xt ly dung dich chira hop chit trung gian 23A (300mg, 556pmol) trong
diclometan (4,2ml) béng Dess-Martin periodinan (1,1,1-triaxetoxy-1,1-dihydro-1,2-
benziodoxol-3(1H)-on; 307mg, 724umol) va khudy & nhiét do trong phong trong 2 gio.
Dap tit hén hogp phan @mg biang dung dich nudc natri hydrocacbonat bao hoa va dung
dich nuéc natri thiosulfat bio hoa (1:1) va khudy & nhiét d6 trong phong trong 30 phut.
Chiét 16p nudc ba 1an bang diclometan, va lam khé cac 16p hitu co gom lai trén magie
sulfat va lam bay hoi. Tinh ché bang sic ky cot trén silicagel (xyclohexan/etyl axetat
1:1 = 100% etyl axetat) thu dugc 273mg (87% theo ly thuyét) hop chit néu & d& muc

nay.
LC-MS (phuong phap 2): R; = 0,87 phut; MS (ESIdwong): m/z = 537 (M+H)"*

IH-NMR (400 MHz, DMSO-de): & = 10,02 (s, 1H), 8,44-8,18 (br, s, 1H), 8,08 (s, 1H),
7,51 (s, 1H), 7,32 (s, 1H), 6,88 (s, 1H), 6,01-5,74 (br, s, 1H), 4,16 (s, 2H), 3,96 (s, 3H),
3,30-3,22 (m, 4H), 2,48-2,40 (m, 7H), 1,38 (s, 9H) ppm.

Hop chét trung gian 26A

4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-carbaldehyt bis(formiat)
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x 2 HCOOH

Xt 1y dung dich chira hop chét trung gian 23A (80mg, 148umol) trong THF
(3,9ml) béng Dess-Martin periodinan (1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-
3(1H)-on; 94mg, 222umol) va khudy & nhiét do trong phong trong 30 phut. T6i hdn
hop phan mg bang dung dich nuéc natri hydrocacbonat bao hoa va dung dich nuéc
natri thiosulfat bao hoa (1:1). Chiét 16p nudc ba lan bing etyl axetat, va lam kho cac
16p hitu co gom lai trén magie sulfat va lam bay hoi. Hoa tan phan cin trong dung dich
4M chtra hydro clorua trong 1,4-dioxan (4ml) va khudy & nhiét d6 trong phong trong 1
gi0. Sau khi 1am bay hoi, tinh ché phin cin bang RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nudc) thu dwoc 34mg (52%
theo 1y thuyét) hop chit néu & dé muc nay.

LC-MS (phuong phap 2): Ri = 0,78 phut; MS (ESIduong): m/z =437 (M+H)*

TH-NMR (400 MHz, DMSO-d¢): § = 10,02 (s, 1H), 8,29 (br, s, 2H), 8,09 (s, 1H), 7,50
(s, 1H), 7,33 (s, 1H), 6,88 (s, 1H), 4,17 (s, 2H), 3,96 (s, 3H), 2,90-2,81 (m, 4H), 2,63-
2,56 (m, 4H), 2,46 (s, 3H) ppm.

Hop chét trung gian 27A

tert-Butyl 4-({4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-6-[(3-
oxopiperazin-1-yl)metyl]pyrolo[2,1-f][1,2,4]triazin-7-yl}metyl)piperazin-1-carboxylat
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Xt Iy dung dich chira hop chét trung gian 25A (185mg, 344pumol) trong THF
(4,6ml) bing 2-oxopiperazin (344mg, 3,4mmol), natri triaxetoxybohydrua (365mg,
1,7mmol) va axit axetic (39ul, 689umol). Khudy hdn hop thu duge & nhiét do trong
phong trong 2 gio, sau d6 dugc hip phu vao dat tio cat va tinh ché bang sic ky cot trén
silicagel (diclometan — diclometan/metanol 100:8) thu duoc 221mg (lugng dinh

lwong) hop chit néu & ¢ muc nay.
LC-MS (phuong phap 4): R = 0,77 phut; MS (ESIduong): m/z = 621 (M+H)".
Hop chét trung gian 28A

N-Etyletanamini 4-amino-7-{[4-(tert-butoxycacbonyl)piperazin-1-yl]Jcacbonyl}-5-(7-
metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-6-carboxylat

-91-



20601

Xt Iy dung dich chira hop chét trung gian 25A (70mg, 130umol) trong
THF/nuéc (10:1, 4,85ml) bang dung dich 2M chira 2-metyl-2-buten trong THF (521pl,
1,04mmol) va natri dihydrophosphat (107mg, 783umol) va khudy & nhiét do trong
phong trong 5 phit. Thém natri chlorit (70mg, 783umol) vao va khudy hén hop thu
dugc & nhiét do trong phong qua dém. Sau khi pha lodng bang nude, chiét pha nudce ba
14n bang etyl axetat. Lam khd cac 16p hiru co gom lai trén natri sulfat va 1am bay hoi,
va tinh ché phan cin bing RP-HPLC diéu ché (XBridge C18, gradient tir 5 dén 50%
axetonitril/nude + 0,05% dietylamin) thu dugc 18mg (21% theo 1y thuyét) hop chét

néu ¢ d& muc nay.
LC-MS (phuong phap 1): Ry = 1,14 phuat; MS (ESIduong): m/z = 567 (M+H)"

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac & = 8,26-7,89 (br, s, 1H),
7,94 (s, 1H), 7,33 (s, 1H), 7,28 (s, 1H), 6,83 (s, 1H), 5,64-5,33 (br, s, 1H), 3,95 (s, 3H),
2,80 (q, 4H), 2,45 (s, 3H), 1,40 (s, 9H), 1,09 (t, 6H) ppm.

Hop chét trung gian 29A

tert-Butyl 4-{[4-amino-6-(azidometyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yD)pyrolo[2,1-f][1,2,4]triazin-7-ylJmetyl} piperazin-1-carboxylat

X 1y dung dich chira hop chit trung gian 23A (150mg, 0,278mmol) trong
diclometan (7,5ml) bang thionyl clorua (40ul, 0,56mmol) va khudy & nhiét do trong
phong trong 15 phut. Sau khi 1am bay hoi, hoa tan phén cin trong DMF (6ml) va xu ly
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bang natri azit (362mg, 5,57mmol) va natri iodua (208mg, 1,39mmol). Gia nhiét hén
hop dén 80°C trong 1 gid, sau d6 pha lodng bing nudc va chiét ba 14n bang etyl axetat.
Rira cac 16p hitu co gom lai bing nudc va bang dung dich nuwéc natri clorua bio hoa,
lam kho trén magie sulfat va 1am bay hoi. Tinh ché bang sic ky cot trén silicagel
(xyclohexan/etyl axetat 98:2 — 100% etyl axetat) thu dugc 95,8mg (57% theo ly

thuyét) hop chit néu ¢ dé muc nay.
LC-MS (phuong phap 4): R, = 0,99 phiit; MS (ESIduong): m/z = 564 (M-+H)"

'H-NMR (400 MHz, DMSO-ds): § = 8,20-7,80 (br, s, 1H), 8,01 (s, 1H), 7,39 (s, 1H),
7,33 (s, 1H), 6,86 (s, 1H), 6,05-5,55 (br, s, 1H), 4,50 (s, 2H), 3,96 (s, 3H), 3,94 (s, 2H),
3,32-3,25 (m, 4H), 2,45 (s, 3H), 2,43-2,36 (m, 4H), 1,39 (s, 9H) ppm.

Hop chét trung gian 30A

tert-Butyl 4-{[6-(axetamidometyl)-4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-yl]metyl } piperazin-1-carboxylat

Khudy hdn hop gém hop chit trung gian 29A (320mg, 567umol), 10% Pd/C
(320mg) va axetic anhydrit (106pul, 1,13mmol) trong metanol (32ml) trong 90 phut
trong latm hydro & nhiét d6 trong phong. Sau dd, loc hdn hop qua dét tao cat, va dich
loc dugc 1am bay hoi. Tinh ché bang sic ky cot trén silicagel (xyclohexan/etyl axetat
1:1 — 100% etyl axetat) thu dugc 440mg (dinh lugng) hop chit néu & d& muc nay.
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LC-MS (phuong phap 2): R;= 0,91 phut; MS (ESIduong): m/z = 580 (M+H)*

IH-NMR (400 MHz, DMSO-ds): & = 8,02-7,97 (m, 2H), 7,38 (s, 1H), 7,31 (s, 1H),
6,85 (s, 1H), 4,27 (br, d, 2H), 3,95 (s, 3H), 3,89 (s, 2H), 3,31-3,24 (m, 4H), 2,45 (s,
3H), 2,43-2,36 (m, 4H), 1,74 (s, 3H), 1,39 (s, 9H) ppm.

Hop chét trung gian 31A

7-[(4-Axetylpiperazin-1-yl)metyl]-4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-£][1,2,4]triazin-6-carbaldehyt

Dung dich chira hop chét cta vi du 55 (678mg, do tinh khiét 89%, 1,26mmol)
trong diclometan (4ml) chira sang phan tir (4A) dugc xit Iy bing Dess-Martin
periodinan (1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-on; 623mg,
1,47mmol) va khudy & nhiét d6 trong phong trong 5 phit. Sau d6, hap phu hén hop
phan mg vao dit diatomit va tinh ché bang sic ky cot trén silicagel (gradient tir 30 dén
100% etyl axetat/xyclohexan, sau d6 tir 0 dén 10% metanol/diclometan) thu duoc

449mg (49% theo 1y thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 4): R;= 0,70 phut; MS (ESIduong): m/z =479 (M+H)".
Hop chét trung gian 32A

4-{[4-Amino-6-(azidometyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-yl]metyl } piperazin-2-on
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Dung dich chira hgp chét cia vi du 13 (59mg, 130pumol) trong diclometan
(3,5ml) dugc xir Iy bang thionyl clorua (19ul, 261umol) va khudy & nhiét do trong
phong trong 15 phat. Sau khi 1am bay hoi, hoa tan phin cin trong DMF (2,8ml) va xi
1y bing natri iodua (97mg, 652pumol) va natri azit (169mg, 2,6mmol). Khudy hdn hop &
80°C trong 1 gio. Sau khi pha loang bang dung dich nudc natri clorua bdo hoa, chiét
pha nudc bdn 14n bang etyl axetat, va lam kho cac 10p hitu co gom lai trén magie sulfat
va lam bay hoi. Tinh ché bang séc ky cét trén silicagel (diclometan/metanol 98:2 —

90:10) thu duoc 35mg (56% theo 1y thuyét) hop chit néu & d& muc nay.
LC-MS (phuong phap 5): R¢ = 2,04 phut; MS (ESIduong): m/z =478 (M+H)"

'TH-NMR (400 MHz, DMSO-d¢): & = 8,02 (s, 1H), 7,75 (br, s, 1H), 7,41 (s, 1H), 7,33
(s, 1H), 6,86 (s, 1H), 4,51 (s, 2H), 4,01 (s, 2H), 3,96 (s, 3H), 3,16-3,08 (m, 2H), 3,04-
2,98 (m, 2H), 2,65-2,58 (m, 2H), 2,45 (s, 3H) ppm.

Hop chét trung gian 33A

4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(morpholin-4-ylmetyl)pyrolo-
[2,1-f][1,2,4]triazin-6-carbaldehyt
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Dung dich chira hop chét cta vi du 50 (710mg, d6 tinh khiét 70%, 1,13mmol)
trong diclometan (Sml) chita sang phan ti (4A) duwoc xir 1y bing Dess-Martin
periodinan (1,1,1-triaxetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-on; 623mg,
1,47mmol) va khudy & nhiét d6 trong phong trong 5 phut. Sau d6, hip phu hdn hop
phan g vao dit diatomit va tinh ché bing sic ky cot trén silicagel (gradient tir 30 dén
100% etyl axetat/xyclohexan) thu dugc 386mg (72% theo ly thuyét) hop chit néu & dé

muc nay.
LC-MS (phuong phap 2): R, = 0,76 phut; MS (ESIduong): m/z =438 (M+H)".
Hop chit trung gian 34A

(4-Amino-7-bromopyrolo[2,1-f][1,2,4]triazin-6-yl)metanol

NH,

NN OH
s N/

N/

Br

Thém nho giot dung dich chita 1,3-dibromo-5,5-dimetylhydantoin (87mg,
0,305mmol) trong THF (1ml) vao dung dich chira hgp chét trung gian 8A (100mg,
0,609mmol) trong THF (4ml) va metanol (2ml) & -78°C. Khu4y hdn hop & -78°C trong
16 gio sau d6 pha loding bang nudc va chiét bing etyl axetat. Rira cic 16p hitu co gom

lai bang dung dich nudc natri clorua bao hoa, lam khd trén magie sulfat va lam bay
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hoi. Tinh ché bing séc ky cOt trén silicagel (diclometan/metanol 20:1 — 10:1) thu
dugc 55mg (32% theo 1y thuyét) hop chit néu & dé muc nay.

LC-MS (phuong phép 3): R¢= 1,71 phit; MS (ESIdwong): m/z = 243/245 (M+H)*

'H-NMR (400 MHz, DMSO-de): § = 7,74-7,94 (m, 3H), 7,04 (s, 1H), 5,12 (t, 1H), 4,48
(d, 2H) ppm.

Hop chét trung gian 35A

7-Bromo-6-({[tert-butyl(dimetyl)silylJoxy}metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin

NH2 ?Hs CH3
NP N 0—Si——CH,
CH
~ N / CH3 3

Br

Xt 1y dung dich chira hgp chét trung gian 34A (885mg, 3,64mmol) trong DMF
(11ml) bang fert-butyldimetylsilyl clorua (823mg, 5,46mmol) va imidazol (743mg,
10,92mmol) va khudy & nhiét d6 trong phong trong 2 gid. Hén hop phan g dugc gop
chung v&i hdn hop phan g ctia mé thir nghiém 100mg, pha loang bing nudc va chiét
hai 14n bang etyl axetat. Rira cac pha hiru co gom lai bang nudc va dung dich nudc
natri clorua bao hoa, 1am khd trén magie sulfat va 1am bay hoi. Tinh ché bang sic ky
cdt trén silicagel (xyclohexan/etyl axetat 2:1 — 100% etyl axetat) thu dugc 1,36g (93%
theo ly thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phép 2): Ri = 1,13 phit; MS (ESIduong): m/z = 357/359 (M+H)*

'H-NMR (400 MHz, DMSO-d¢): § = 7,98-7,68 (m, 3H), 7,04 (s, 1H), 4,68 (s, 2H),
0,89 (s, 9H), 0,09 (s, 6H) ppm.
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Hop chit trung gian 36A

4-Amino-6-({[zert-butyl(dimetyl)silylJoxy}metyl)pyrolo[2, 1 -f][1,2,4]triazin-7-

carbonitril
NH2 CH3 CH3
NE N O—Si——CH,
CH
x N CH,
N
CN

Trong mdi trudng khi argon, khudy hdn hop gdm hop chét trung gian 35A
(880mg, 2,46mmol), phirc chit [1,1'-bis(diphenylphosphino)feroxen]diclopaladi(II)-
diclometan [PdCl2(dppf) x DCM] (120mg, 0,148mmol), bis(dibenzylidenaxeton)paladi
[Pd(dba)2] (135mg, 0,148mmol), kém xyanua (578mg, 4,92mmol), bot kém (64mg,
0,985mmol) va kém axetat (180mg, 0,985mmol) trong DMF d loai khi/nudc (100:1,
9,2ml) & 160°C qua dém. Sau d6, hdn hop phan img duge gdp chung véi hdn hop phan
tng cia mé thir nghiém 100mg va hén hop gom lai dwgc hip phu vao dit tao cat, loc
qua 16p dit tao cat khac va rira giai bang tert-butyl metyl ete. Rira phin dich loc bing
dung dich nudc natri hydrocacbonat bao hoa, va 16p nuéc lai duge chiét ba l4n bing
tert-butyl metyl ete. Lam kho cac pha hiru co gom lai trén natri sulfat va lam bay hoi.
Tinh ché bang sic ky cot trén silicagel (xyclohexan/etyl axetat 1:1) thu dugc 453mg
(44% theo ly thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R; = 1,09 phut; MS (ESIduong): m/z = 304 (M+H)*

TH-NMR (400 MHz, DMSO-de): & = 8,22-8,35 (m, 2H), 8,06 (s, 1H), 6,95 (s, 1H),
4,83 (s, 2H), 0,91 (s, 9H), 0,11 (s, 6H) ppm.

Hop chét trung gian 37A

4-Amino-5-bromo-6-({[fert-butyl(dimetyl)silylJoxy } metyl)pyrolo[2,1-f][ 1,2,4]triazin-

7-carbonitril
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NH,  Br CHs cH,
NE N 0—Si——CH,
CH
NP s =
N
CN

Thém nho giot dung dich chira 1,3-dibromo-5,5-dimetylhydantoin (621mg,
2,17mmol) trong THF (20ml) vao dung dich chira hop chit trung gian 36A (1,lg,
3,62mmol) trong THF (80ml) & -50°C. Lam 4m mot cach tir tir hdn hop thu dugc dén
nhiét 49 trong phong, khudy trong 2 gid va sau d6 dap tit phan ing bing dung dich
nuoc natri thiosulfat 10% va dung dich nudc natri hydrocacbonat bao hoa. Chiét pha
nuée ba 1an bang etyl axetat. Chit rén két tha tir dung dich etyl axetat duoc loc ra va
rira bang etyl axetat, thu dugc 508mg (100% tinh khiét, 36% theo 1y thuyét) 1a lugng
thir nhit cia hop chét néu & d muc nay. Lam khé phén dich loc con lai trén natri sulfat
va lam bay hoi. Phan cin dugc két tia tir DMSO va rira bang DMSO va etyl axetat thu
duogc thém 498mg (85% tinh khiét, 26% theo 1y thuyét) hop chét néu ¢ dé muc nay.

LC-MS (phuong phép 5): R¢ = 2,70 phit; MS (ESIduong): m/z = 382/384 (M+H)*

'TH-NMR (400 MHz, DMSO-d): & = 8,10 (s, 1H), 4,76 (s, 2H), 0,90 (s, 9H), 0,12 (s,
6H) ppm.

Hop chét trung gian 38A

4-Amino-6-({[tert-butyl(dimetyl)silyl]oxy } metyl)-5-(7-metoxy-5-metyl-1-
benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-7-carbonitril
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Trong mdi truong khi argon, dung dich chira hgp chat trung gian 37A (459mg,
1,29mmol) trong THF di loai khi (14,8ml) dugc thém vao (2'-aminobiphenyl-2-yl)-
(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin ~ (1:1;  152mg,
0,19mmol; xem 4n phém: S.L. Buchwald et al., J Am. Chem. Soc. 132 (40), 14073-
14075 (2010)) va hop chét trung gian 6A (647mg, 1,94mmol). Thém nhd giot dung
dich nuéc kali phosphat 0,5M di loai khi (5,1ml) vao va khudy hdn hop thu dugc &
60°C trong 2 gio. Sau d6, hdn hop phan {mg dugc gdp chung véi hdn hop phan ung
clia cac mé thir nghiém 70mg, 90mg va 500mg trude d6 va 1am bay hoi. Tinh ché phan
cin bang séc ky cot trén silicagel (xyclohexan/etyl axetat 3:1 — 100% etyl axetat) thu
duogc 1,0g (58% theo ly thuyét) hop chit néu & dé muc nay.

LC-MS (phuong phap 2): Rt = 1,49 phut; MS (ESIduong): m/z =480 (M+H)*

'H-NMR (400 MHz, DMSO-ds): 6 = 8,57-8,35 (br, s, 1H), 8,18 (s, 1H), 7,41 (s, 1H),
7,30 (s, 1H), 6,86 (s, 1H), 6,28-6,03 (br, s, 1H), 4,74 (s, 2H), 3,95 (s, 3H), 2,44 (s, 3H),
0,83 (s, 9H), 0,00 (s, 6H) ppm.

Hop chit trung gian 39A

4- Amino-6-formyl-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-carbonitril

Xt 1y dung dich chira hop chét cia vi du 68 (250mg, 0,684mmol) trong
diclometan (5ml) bang Dess-Martin periodinan (1,1,1-triaxetoxy-1,1-dihydro-1,2-
benziodoxol-3(1H)-on; 377mg, 0,889mmol) va khudy & nhiét do trong phong trong 1

gio. Hon hop phan ing dugc gop chung véi hdn hop phan Ung clia mé thir nghiém
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50mg, dap tit phan tng bang dung dich nudc natri hydrocacbonat bdo hoa va dung
dich nudc natri thiosulfat bdo hoa (1:1) va khudy & nhiét 6 trong phong trong 30 phit.
Chiét pha nudc ba 1an bing etyl axetat, va lam khé cac pha hitu co gom lai trén natri
sulfat va 1am bay hoi. Tinh ché bing sic ky cot trén silicagel (xyclohexan/25% etyl
axetat — 100% etyl axetat) thu dugc 102mg (24% theo ly thuyét) hop chit néu & dé

muyc nay.
LC-MS (phuong phap 2): R = 1,02 phat; MS (ESIduong): m/z = 364 (M+H)"

'H-NMR (400 MHz, DMSO-ds): 8 = 9,86 (s, 1H), 8,78 (br, s, 1H), 8,30 (s, 1H), 7,62
(s, 1H), 7,36 (s, 1H), 6,91 (s, 1H), 6,51 (br, s, 1H), 3,97 (s, 3H), 2,46 (s, 3H) ppm.

Hop chét trung gian 40A

4-Amino-6-(azidometyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-carbonitril

X ly dung dich chita hop chit cia vi du 68 (100mg, 273umol) trong
diclometan (5ml) bing thionyl clorua (39pul, 547umol) va khudy & nhiét do trong
phong trong 15 phut. Sau khi 1am bay hoi, hoa tan phan cin trong DMF (6ml) va xtr Iy
bing natri iodua (205mg, 1,36mmol) va natri azit (355mg, 5,47mmol). Khudy hén hop
& 80°C qua dém, sau d6 pha lodng bang nudc va chiét ba 1in bang etyl axetat. Rira cac
16p hitu co gom lai bang nudc, tiép theo bing dung dich nuéce natri clorua bio hoa, lam
kho trén natri sulfat va lam bay hoi thu dwoc 91mg san phim tho, san phdm nay duoc

str dung trong budc tiép theo ma khong can tinh ché thém.
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LC-MS (phuong phap 2): R = 1,13 phut; MS (ESIduong): m/z =391 (M+H)"

'H-NMR (400 MHz, DMSO-ds): d = 8,65-8,45 (br, s, 1H), 8,23 (s, 1H), 7,46 (s, 1H),
7,34 (s, 1H), 6,88 (s, 1H), 6,41-6,10 (br, s, 1H), 4,57 (s, 2H), 3,96 (s, 3H), 2,46 (s, 3H)

Hop chét trung gian 41A

5,7-Dibromo-6-({[tert-butyl(dimetyl)silylJoxy} metyl)pyrolo[2,1-f][1,2,4]triazin-4-

amin
NH, Br
NZ =
N/ C|:H3 s
SN 0—Si——CH,
I
Br CH, CH,

Xt Iy dung dich chira hop chit trung gian 18A (2g, 6,21mmol) trong DMF
(20ml) bang imidazol (846mg, 12,4mmol) va tert-butyldimetylsilyl clorua (1,12g,
7,45mmol) va khudy & nhiét 6 trong phong trong 20 gid. Sau d6, pha loang hén hop
phan tmg bing nudc (200ml) va khudy & nhiét do trong phong thém 2 gi¢ nita. Loc
chét réin thu dugc 2,46g (88% theo 1y thuyét) hop chét néu ¢ dé& muc nay.

LC-MS (phwong phap 2): R = 1,37 phuat; MS (ESIduong): m/z = 437 (M+H)"

TH-NMR (400 MHz, DMSO-dg): 6 = 8,49-8,05 (br, s, 1H), 7,96 (s, 1H), 7,15-6,76 (br,
s, 1H), 4,64 (s, 2H), 0,87 (s, 9H), 0,09 (s, 6H) ppm.

Hop chét trung gian 42A

2-[4-Amino-5-bromo-6-({[tert-butyl(dimetyl)silylJoxy } metyl)pyrolo[2,1-
f][1,2,4]triazin-7-yl]propan-2-ol
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Trong mdi trudng khi argon, dung dich chira hop chét trung gian 41A (lg,
2,29mmol) trong THF (40ml) duoc lam lanh dén -78°C va xi ly bang dung dich 1,6M
chira metyllithi trong dietylete (1,5ml, 2,40mmol). Sau khi khudy trong 10 phit & -
78°C, thém dung dich 1,6M chira n-butyllithi trong hexan (1,58ml, 2,52mmol) vao va
tiép tuc khudy trong 10 phut. Thém axeton (1,68ml, 22,92mmol) vao va lam 4m mot
cach tir tir hdn hop thu dugce dén nhiét d6 trong phong va khudy & nhiét d6 trong phong
trong 18 gio. Sau do, dap tit phan (mg bang nudc, va chiét pha nudc hai 1in bing etyl
axetat. Rira cac pha hiru co gom lai bang dung dich nuéc natri clorua bio hoa, 1am kho
trén magie sulfat va 1am bay hoi. Tinh ché bing sic ky nhanh trén silicagel
(xyclohexan/etyl axetat 2:1) thu dugc 306mg (30% theo ly thuyét) hop chét néu & dé

muc nay.
LC-MS (phuong phap 4): R = 1,39 phut; MS (ESIduong): m/z = 415/417 (M+H)"*

'H-NMR (400 MHz, DMSO-d): = 8,23-7,85 (b, s, 1H), 7,89 (s, 1H), 7,05-6,82 (br,
s, 1H), 5,49 (s, 1H), 4,88 (s, 2H), 1,66 (s, 6H), 0,87 (s, 9H), 0,08 (s, 6H) ppm.

Hop chét trung gian 43A

2-[4-Amino-5-bromo-6-(hydroxymetyl)pyrolo[2,1-f][1,2,4]triazin-7-yl]propan-2-ol

-103-



20601

Xu ly dung dich chira hgp chit trung gian 42A (304mg, 0,732mmol) trong THF
(15ml) bang dung dich 1M chira tetra-n-butylamoni florua trong THF (768ul,
768umol) va khudy & nhiét d6 trong phong trong 2 gid. Pha lodng hdn hop phan tUng
bang axetonitril (20ml), sau d6 1am bay hoi, va tinh ché phan can bing RP-HPLC diéu
ché (Reprosil C18, gradient tir 10 dén 30% axetonitril/0,2% TFA trong nudc). Hoa tan
san phim thu dugc trong metanol va loc qua cot trao dbi anion (Stratospheres SPE, PL-
HCO; MP-nhya). Cot dugc rira giai bﬁng metanol, va dich lgc dugc 1am bay hoi thu
duge 180mg (67% theo ly thuyét) hop chit néu & d& muc nay.

LC-MS (phuong phap 2): R¢= 0,55 phut; MS (ESIduong): m/z=301/303 (M+H)*

IH-NMR (400 MHz, DMSO-ds): & = 8,21-7,90 (m, 1H), 7,87 (s, 1H), 7,09-6,60 (br, s,
1H), 5,90 (br, s, 1H), 5,03 (br, s, 1H), 4,63 (s, 2H), 1,66 (s, 6H) ppm.

Hop chét trung gian 44A

4-Amino-7-(2-hydroxypropan-2-yl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-6-carbaldehyt

Xt 1y dung dich chira hop chét cia vi du 73 (135mg, d tinh khiét 89%,
302umol) trong diclometan (7ml) bang Dess-Martin periodinan (1,1,1-triaxetoxy-1,1-
dihydro-1,2-benziodoxol-3(1H)-on; 166mg, 392umol) va khudy & nhiét do trong phong
trong 70 phit. Hon hop phan mg dugc gop chung v&i hén hop phan mg ctia mé thir
nghiém 18mg (45umol) va dugce tdi bing dung dich nudc natri hydrocacbonat bio hoa

va dung dich nudc natri thiosulfat bdo hoa (1:1). Chiét pha nudc ba lan bing
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diclometan. Rira cac pha hitu co gom lai bing dung dich nuwdc natri clorua béo hoa,
lam kho trén magie sulfat va lam bay hoi thu duoc 143mg (d6 tinh khiét 77%, 92%
theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phép 2): R; = 1,08 phit; MS (ESIduong): m/z =397 (M+H)".
Hop chit trung gian 45A

6-({[tert-Butyl(dimetyl)silyl]oxy }metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin

NH, C|:H3 CH3
NZ _— 0O—Si CH3
CH
~ N / CH3 3
N

Xt Iy dung dich chira 1,5g (9,14mmol) hop chét trung gian 8A trong 15ml DMF
kho bang 1,65g (10,96mmol) fert-butyldimetylsilyl clorua va 1,24g (18,27mmol)
imidazol va khudy & nhiét do trong phong qua dém. Rét hdn hop phan tmg vao 250ml
nudc va khudy trong 5 phat. Loc 14y chét két tia thu dugc va lam khé trong chan

khong & 45°C. Hiéu suét: 2,28g (90% theo 1y thuyét).
LC-MS (phwong phap 5): R¢ = 2,12 phut; MS (ESIduong): m/z =279 (M+H)".
Hop chét trung gian 46A

6-({[tert-Butyl(dimetyl)silylJoxy} metyl)-7-clopyrolo[2,1-f][1,2,4]triazin-4-amin

NH2 CH3 CH3
NP 0—Si——CH,
CH
~ N / CH3 3
N
Cl

X1 1y dung dich chira 2g (7,18mmol) hop chét trung gian 45A trong 20ml THF
bang 893mg (6,47mmol) N-closuxinimit theo 6 dot trong 60 phut & -10°C. Tiép tuc
khudy trong 15 phut & -10°C, sau d6 d&& 4m hdn hop dén nhiét do trong phong. Thém
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192mg (1,44mmol) N-closuxinimit vao hdn hop phan tmg & nhiét do trong phong, va
tiép tuc khudy qua dém. Khoang mét phan mudi hdn hop phan ing duoc 1am bay hoi
dén kho va tinh ché phin cin bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10
dén 95% axetonitril/0,1% axit formic trong nudc) thu duge 94mg (4% theo ly thuyét)
hop chét néu & dé muc nay. Hap phu phan chinh cta hdn hop phan {ng trén silicagel
va duogc cho vao sic ky trén silicagel voi isohexan/etyl axetat tir 5 dlén 66% lam chét
rira giai, thu dugc 899mg (40% theo ly thuyét) hop chit néu & d& muc nay. Tong hiéu
sudt: 993mg (44% theo 1y thuyét).

LC-MS (phuong phap 5): R: = 2,45 phut; MS (ESIduong): m/z =313 (M+H)"

"H-NMR (400 MHz, DMSO-d¢): 3 = 7,69-8,04 (m, 3H), 7,0 (s, 1H), 4,70 (s, 2H), 0,88
(s, 9H), 0,08 (s, 6H) ppm.

Hop chét trung gian 47A

5-Bromo-6-({[tert-butyl(dimetyl)silylJoxy }metyl)-7-clopyrolo[2,1-f][1,2,4 ]triazin-4-

amin
NH,  Br CHy CH,
NP N 0—si C:I:H3
H
S~ N / C 3
Cl

Xt Iy dung dich chita 890mg (2,85mmol) hop chit trung gian 46A trong 20ml
DMF bang 506mg (2,85mmol) N-bromosuxinimit theo ting dot trong 1 gio & -10°C.
Tiép tuc khudy trong 3 gid & -10°C va sau d6 qua dém & nhiét do trong phong. Thém
nude (200ml) vao va khudy hdn hop trong 2 gio. Loc ldy chit rin két ta, rtra bing

nudc va lam khd trong chan khéng & 45°C. Hiéu suit: 997mg (89% theo ly thuyét).

LC-MS (phuong phap 5): R: = 2,82 phat; MS (ESIdwong): m/z = 391/393/395 (M+H)*

-106-



20601
'H-NMR (400 MHz, DMSO-d¢): & = 8,32 (br, s, 1H), 7,97 (s, 1H), 6,97 (br, s, 1H),
4,66 (s, 2H), 0,87 (s, 9H), 0,09 (s, 6H) ppm.
Hop chit trung gian 48A

6-({[tert-Butyl(dimetyl)silylJoxy } metyl)-7-clo-5-(7-metoxy-5-metyl-1-benzothiophen-
2-yDpyrolo[2,1-f][1,2,4]triazin-4-amin

Trong mdi trudng khi argon, binh thot ¢ dwoc nap 800mg (2,04mmol) hop chét
trung gian 47A, 680mg (2,04mmol) hop chit trung gian 6A, 80mg (0,1lmmol) (2'-
aminobiphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)-
phosphin (1:1; xem 4n phém: S.L. Buchwald et al., J Am. Chem. Soc. 132 (40),
14073-14075 (2010)) va 1,3g (6,13mmol) kali phosphat. Sau d6, thém 30ml hdn hop
1,4-dioxan/nudc da loai khi (5:1) vao va khudy dung dich & 70°C trong 1 gio. Thém
tiép 680mg (2,04mmol) hop chit trung gian 6A va 32mg (0,04mmol) (2'-amino-
biphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin (1:1)
vao va tiép tuc khudy & 70°C trong 1 gio nita. Lip lai quy trinh nay ba ldn cho dén khi
nguyén liéu ban diu dugc tiéu thy hét (kiém chimg bdi LC-MS). Véi phan chit phan
rng sau cung, thém 1,6ml 5SM dung dich nudc natri hydroxit vao dé dat duogc gia tri do
pH nim trong khoang tir 8 dén 9. Phan Ung két thuc, thém 30ml nudc va SM axit
formic trong nudc vao (46 pH= tir 3 dén 4) sau d6 diu dugc tach riéng. Tinh ché diu
nay bing RP-HPLC didu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1%
axit formic trong nudc). Thu dugc hai phan doan chira hop chit néu & dé muc nay:

103mg chét rén (89% tinh khiét theo LC-MS, 9% theo ly thuyét), va 23mg chét ran
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(100% tinh khiét theo LC-MS, 2% theo 1y thuyét). Phin dau con lai va dich ndi duoc
pha loang bang nudc, diéu chinh dén d6 pH nim trong khoang tir 8 &én 9 bang dung
dich nudc natri hydrocacbonat bdo hoa va chiét ba 1in bang diclometan. Rira cac pha
hitu co gom lai bang nude, 1am kho va lam bay hoi dudi ap suét giam, thu dugc 2,1g
diu. Tinh ché diu nay bing sic ky cot trén silicagel bang diclometan/tir 0 dén 5%
metanol 1am chit rira giai dé thu dwoc 709mg (43% tinh khiét theo LC-MS, 31% theo
Iy thuyét) hop chét néu & dé muc nay. Tng hiéu suit: 42% theo ly thuyét

LC-MS (phuong phap 2): Ry = 1,57 phut; MS (ESIdwong): m/z =489 (M+H)"

I'H-NMR (400 MHz, DMSO-de): 5 = 8,08 (s, 1H), 7,43 (s, 1H), 7,32 (s, 1H), 6,88 (s,
1H), 4,66 (s, 2H), 3,98 (s, 3H), 2,47 (s, 3H), 0,84 (s, 9H), -0,03 (s, 6H) ppm.

Hop chét trung gian 49A

4-Amino-7-clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-
6-carbaldehyt

Thém 207mg (0,49mmol) Dess-Martin periodinan (1,1,1-triaxetoxy-1,1-
dihydro-1,2-benziodoxol-3(1H)-on) vao huyén phu chita 166mg (0,44mmol) hop chét
cta vi du 79 va sang phén tir (3A) trong 3ml diclometan & nhiét ¢ nim trong khoang
tir 0 dén 5°C. Khudy hdn hop trong 10 phit & nhiét do nay, sau d6 thém tiép 56mg
(0,13mmol) Dess-Martin periodinan vao va tiép tuc khudy trong 15 phit ¢ 5°C va 10
phit & nhiét 4 méi truong. Sau thoi gian ndy, hdp phu hdn hop vao dit diatomit va

tinh ché bing séc ky cot trén silicagel v6i diclometan/tlr 0 dén 10% metanol 1am chit
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rira gidi. Hiéu sudt: 100mg chét rin (92,7% tinh khiét theo LC-MS, 56% theo ly
thuyét).

LC-MS (phuong phap 2): R¢ = 1,08 phut; MS (ESIdwong): m/z =373 (M+H)*

IH-NMR (400 MHz, DMSO-ds): 8 = 9,90 (s, 1H), 8,46 (br, s, 1H), 8,15 (s, 1H), 7,54
(s, 1H), 7,34 (s, 1H), 6,89 (s, 1H), 6,07 (br, s, 1H), 3,96 (s, 3H), 2,46 (s, 3H) ppm.

Hop chét trung gian 50A

7-Clo-6-(clometyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]-

triazin-4-amin

Hop chéit néu & d& muc nay duogc tach dudi dang san phdm phu trong qué trinh

didu ché hop chét cua vi du 79 (xem dudi day). Hiéu sudt: 9,2mg (10% theo 1y thuyét).
LC-MS (phuong phap 3): Rt = 2,98 phut; MS (ESIduong): m/z = 393/395 (M+H)".
Hop chét trung gian S1A

6-({[tert-Butyl(dimetyl)silyl]oxy } metyl)-7-metylpyrolo[2,1-f][1,2,4]triazin-4-amin

NH, CI)H3 CH,
N O—Si CH,
CH
~ N / CH, 3
N
CH

3
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Thém 171mg (0,21mmol) PdCly(dppf) x DCM vao dung dich chia 3g
(8,4mmol) hop chit trung gian 35A trong 60ml 1,4-dioxan trong méi trudng khi argon
va sau d6 thém nho giot trong 10 phut 16,8ml dung dich 2M chira dimetyl kém trong
toluen (lam ting nhiét do tir 22°C dén 31°C). Tiép tuc khudy dau tién 10 phut & nhiét
dd méi truong, sau do trong 13 gio ¢ 90°C. Sau thoi gian nay, thém nudc (10ml) vao
hdn hop phan mg & nhiét dd trong phong, va khudy huyén phu trong 1 gid. Lam bay
hoi hdn hop dudi ap suét giam, va phan cin dwoc hdp thu trong nude va etyl axetat va
khudy trong 1 gio nita. Loc chét két tha va thai b, tach cac pha, va chiét 16p nudc hai
14n bang etyl axetat. Lam khd cac pha hiru co gom lai va lam bay hoi thu dugc 2,45¢

(92% tinh khiét theo LC-MS, 92% theo ly thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 5): R¢ = 2,18 phut; MS (ESIduong): m/z =293 (M+H)*

'H-NMR (400 MHz, DMSO-d¢): & = 7,98-7,78 (m, 3H), 7,04 (s, 1H), 4,68 (s, 2H),
0,89 (s, 9H), 0,09 (s, 6H) ppm.

Hop chit trung gian 52A

(4-Amino-7-metylpyrolo[2,1-f][1,2,4]triazin-6-y])metanol

NH,
NN = OH
NP

N/

CH,

Phuong phap 1:

Thém 6mg (0,0lmmol) PdCly(dppf) x DCM vao dung dich chita 100mg
(0,28mmol) hop chét trung gian 35A trong 2ml 1,4-dioxan trong mdi trudng khi argon
va sau d6 thém nho giot trong 10 phut 0,56ml dung dich 2M chira dimetyl kém trong
toluen vao. Khudy hdn hop & 90°C qua dém, sau d6 lam bay hoi, va xr 1y phan cin
bing axetonitril va 5M axit formic trong nudc. Loc bo chét két tia, dich loc dugc 1am

bay hoi, va phin cin duoc hip thu vao DMSO/axetonitril va tinh ché bing RP-HPLC
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diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic trong
nudc). Hidu suét: 33mg (66% theo 1y thuyét),

'H-NMR (400 MHz, DMSO-d¢): 8 = 7,79 (s, 1H), 7,47 (br, s, 2H), 6,80 (s, 1H), 4,84
(t, 1H), 4,49 (d, 2H), 2,36 (s, 3H) ppm.

Phuong phap 2:

Trong mdi trudng khi argon, 16 phan Gng vi song dugc nap 750mg (3,1mmol)
hop chét trung gian 34A, 515pl (3,7mmol) trimetylboroxin, 786mg (3,7mmol) kali
phosphat va 73mg  (0,09mmol) (2'-aminobiphenyl-2-yl)(clo)paladi-dixyclo-
hexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin (1:1; xem 4n phdm: S.L. Buchwald et
al., J. Am. Chem. Soc. 132 (40), 14073-14075 (2010)). Sau d6, thém 13ml hdn hop 1,4-
dioxan/nudc da loai khi (5:1) vao, bit kin 10 phan ung va gia nhiét hdn hop dén 140°C
trong 20 phiit trong vi song (4bar, 50watt). Thém tiép 50mg (2'-aminobiphenyl-2-yl)-
(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin (1:1) vao va lai gia
nhiét hdn hop dén 140°C trong 20 phut trong vi song. Thém mot phan khac 515pl
trimetylboroxin vao va lai gia nhiét 16 phan tmg dén 140°C trong 20 phit. Quy trinh
sau dugc 1dp lai hai 14n nita v6i thoi gian gia nhiét 30 phat mdi 14n, cho dén khi LC-
MS cho thdy chi mét lugng nhé nguyén liéu ban dau con lai. Loc hdn hop qua dit tao
cét, rira bang 1,4-dioxan va lam bay hoi cac phén dich loc gom lai dén kho. Phin cin
dugc gdp chung véi 100mg mé thir nghiém trude va tinh ché bang RP-HPLC diéu ché
(XBridge C18, gradient tr 5 dén 42% axetonitril/0,05% dung dich nudc amoni
hydroxit). Hiéu suét: 238mg (38% theo ly thuyét).

LC-MS (phuong phap 5): Ri = 0,51 phit; MS (ESIam): m/z = 177 (M-H)~

'H-NMR (400 MHz, DMSO-de): 8 = 7,79 (s, 1H), 7,48 (br, s, 2H), 6,80 (s, 1H), 4,84
(t, 1H), 4,49 (d, 2H), 2,36 (s, 3H) ppm.

Hop chét trung gian 53A

(4-Amino-5-bromo-7-metylpyrolo[2,1-f][1,2,4]triazin-6-yl)metanol
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NHz Br

N/ — OH

9

CH

3

Xir ly dung dich chita 245mg (1,38mmol) hop chét trung gian 52A trong 8,8ml
DMF bang 288mg (1,62mmol) N-bromosuxinimit theo ting dot trong 2 gio & -10°C.
Tiép tuc khudy & -10°C trong 30 phiit va sau d6 trong 2 gi¢ & nhiét dd mdi truong. Rot
hén hop vao 50ml nudc va chiét bing etyl axetat. Lam khd cac pha hitu co gom lai va
lam bay hoi. Phin cin dugc séc ky nhanh trén silicagel v6i diclometan/tir 0 dén 15%

metanol lam chét rira giai. Hiéu suét: 148mg (42% theo ly thuyét).
LC-MS (phuong phap 4): Ry = 0,42 phut; MS (ESIduong): m/z = 257/259 (M+H)"

TH-NMR (400 MHz, DMSO-ds): 8 = 7,85 (s, 1H), 6,14-8,22 (broad, 2H), 4,88 (t, 1H),
4,45 (d, 2H), 2,43 (s, 3H) ppm.

Hop chét trung gian 54A

4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-metylpyrolo[2,1-
f][1,2,4]triazin-6-carbaldehyt

Thém 230mg (0,54mmol) Dess-Martin periodinan (1,1,1-triaxetoxy-1,1-
dihydro-1,2-benziodoxol-3(1H)-on) vao huyén phu chita 175mg (0,49mmol) hop chét

cua vi du 75 va sang phan tr (3A) trong 3,5ml diclometan & nhiét do nim trong khoang
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tir 0 dén 5°C. Khudy hdn hop trong 5 phiit & nhiét d6 nay, tiép theo 30 phut & nhiét do
trong phong. Sau thoi gian nay, hdp phu hdn hop vao dit diatomit va tinh ché bang séc
ky nhanh trén silicagel v6i isohexan/tir 10 &&n 100% etyl axetat lam cht rira giai. Hiéu

sudt: 139mg chét rédn (79% theo 1y thuyét).
LC-MS (phuong phap 5): Rt = 2,34 phuat; MS (ESIduong): m/z =353 (M+H)*

IH-NMR (400 MHz, DMSO-ds): & = 9,93 (s, 1H), 8,06 (s, 1H), 7,50 (s, 1H), 7,33 (s,
1H), 6,88 (s, 1H), 3,96 (s, 3H), 2,71 (s, 3H), 2,46 (s, 3H) ppm.

Hop chét trung gian 55A

tert-Butyl 4-[(4-amino-6-metylpyrolo[2,1-f][1,2,4]triazin-7-yl)metyl]piperazin-1-

carboxylat

Xu ly dung dich chira 6-metylpyrolo[2,1-f][1,2,4]triazin-4-amin (500mg,
3,3mmol; quy trinh didu ché dwgc mé ta trong cong bd don sang ché qubc t& s6 WO
2007/056170) trong axit axetic (8ml) bing dung dich nudc formaldehyt 37% (328ul,
4,04mmol) va tert-butyl piperazin-1-carboxylat (754mg, 4,04mmol). Khudy hdn hop &
60°C qua dém. Sau khi 1am bay hoi, phan cin dugc hép thu vao etyl axetat va rira bang
dung dich nudc natri hydrocacbonat bao hoa. Chiét 16p nudc hai 1an bing etyl axetat.
Lam kho cac pha hitu co gom lai trén magie sulfat va lam bay hoi, thu dugc 1,2g san
phim thd, san phim nay duge st dung trong budc tiép theo ma khong cén tinh ché

thém.

LC-MS (phuong phap 2): R¢= 0,56 phat; MS (ESIduong): m/z = 347 (M+H)*
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'H-NMR (400 MHz, DMSO-ds): & = 7,79 (s, 1H), 7,51 (br, s, 2H), 6,67 (s, 1H), 3,76
(br, s, 2H), 3,29-3,17 (m, 4H), 2,36-2,29 (m, 4H), 2,22 (s, 3H), 1,37 (s, 9H) ppm.

Hop chit trung gian 56A

tert-Butyl 4-[(4-amino-5-bromo-6-metylpyrolo[2,1-f][1,2,4]triazin-7-
ylmetyl]piperazin-1-carboxylat

NH, Br
N - CH
k\N/N J
9%
CH
o 3
CH,
CH,

Lam lanh dung dich chira hop chét trung gian 55A (1,17g, 3,37mmol) trong
THF (20ml) dén -60°C va xtr Iy bang 1,3-dibromo-5,5-dimetylhydantoin (5,78mg,
2,02mmol). Khudy hdn hop trong 4 gio & nhiét d6 nim trong khoang tir -60°C dén -
20°C. Sau thoi gian nay, t6i hdn hop phan ng bing dung dich nuéc natri thiosulfat
10%. Hau hét dung mo6i THF dugc bay hoi sau khi chét réin duoc két tia. Loc va tai két

tinh tir axeton thu dugc 862mg (59% theo ly thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 2): R = 0,66 phut; MS (ESIduong): m/z = 425/427 (M+H)*

'H-NMR (400 MHz, DMSO-ds): & = 8,29-7,62 (br, s, 1H), 7,85 (s, 1H), 7,17-6,44 (br,
s, TH), 3,80 (s, 2H), 3,29-3,22 (m, 4H), 2,37-2,27 (m, 4H), 2,16 (s, 3H), 1,37 (s, 9H)

Hop chét trung gian 57A

tert-Butyl 4-{[4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-6-
metylpyrolo[2,1-f][1,2,4]triazin-7-yl]metyl} piperazin-1-carboxylat
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Xt Iy dung dich chira hop chét trung gian 56A (100mg, 235umol) trong 1,4-
dioxan d3 loai khi (3ml) bing hop chét trung gian 6A (93mg, 282umol),
dixyclohexyl(2',6'-dimetoxybiphenyl-2-yl)phosphin (S-Phos; 9,6mg, 23 umol) va paladi
diaxetat (2,6mg, 11umol). Thém dung dich nudc kali phosphat 3M d3 loai khi (588pl)
vao va khudy hdn hop thu dwgc & 60°C trong 1 phiat. Mot phan khac hop chét trung
gian 6A (78mg, 235umol) dwgc thém vao va tiép tuc khudy & 60°C qua dém. Dép
t&thdn hop phan tmg bing dung dich nudc natri hydroxit 2M, va chiét pha nudc bang
~ etyl axetat. Rira cac pha hiru co gom lai bang dung dich nudc natri clorua bao hoa, lam
kho trén magie sulfat va lam bay hoi. Tinh ché bing sic ky cot trén silicagel
(xyclohexan/etyl axetat 3:2) thu dugc 82mg (62% theo ly thuyét) hop chét néu & dé

muc nay.
LC-MS (phuong phap 2): R = 0,97 phut; MS (ESIduong): m/z = 523 (M+H)"

'H-NMR (400 MHz, DMSO-dq): & = 7,94 (s, 1H), 7,34 (s, 1H), 7,30 (s, 1H), 6,84 (s,
1H), 3,95 (s, 3H), 3,84 (s, 2H), 3,30-3,23 (m, 4H, chdng 1én dinh nuédc), 2,45 (s, 3H),
2,42-2,33 (m, 4H), 2,19 (s, 3H), 1,39 (s, 9H) ppm.

Hop chét trung gian 58A

tert-Butyl 4-[(4-amino-6-clopyrolo[2,1-f][1,2,4]triazin-7-yl)metyl]piperazin-1-

carboxylat
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NH,

N =

S

\,(O\ém

Tiép theo quy tinh ciia hop chét trung gian 55A, 4g (23,7mmol) 6-clopyrolo[2,1-
f][1,2,4]triazin-4-amin (quy trinh diéu ché dugc md ta trong cong b6 don sang ché
quéc t& s& WO 2007/064883) duoc cho phan ing dé thu dwgc 11,2g hop chit néu & @&
muc ndy duéi dang nguyén liéu tho va nguyén liéu ndy dugc s dung trong budc tiép

theo ma khong céan tinh ché thém.
LC-MS (phuong phap 5): Ry = 0,74 phut; MS (ESIdwong): m/z =367 (M+H)*

M3u chita 67mg mubi formiat tuong {ing, tert-butyl 4-[(4-amino-6-clopyrolo-
[2,1-f][1,2,4]triazin-7-yl)metyl]piperazin-1-carboxylat formiat, dwgc tich riéng sau
RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic

trong nudc) 100mg nguyén liéu thd thu dugce trén day.

IH-NMR (400 MHz, DMSO-de): khong ké cac yéu t6 khac & = 8,14 (s, 1H), 7,91 (s,
1H), 7,83 (br, s, 2H), 6,95 (s, 1H), 3,80 (s, 2H), 3,17 (s, 2H), 2,38 (br, s, 4H), 1,37 (s,
9H) ppm.

Hop chét trung gian 59A

tert-Butyl 4-[(4-amino-5-bromo-6-clopyrolo[2,1-f][1,2,4]triazin-7-yl)metyl]piperazin-

1-carboxylat
CH,
O
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Theo quy trinh diéu ché hop chit trung gian 56A, 11g (30mmol) hop chét trung
gian 58A duoc cho phan ung dé thu duoc 1,17g (9% theo Iy thuyét) hop chét néu & dé
muc nay sau khi sic ky nhanh trén silicagel (diclometan/metanol 10:1) va RP-HPLC

diéu ché (Daiso C18, gradient tir 40 dén 65% axetonitril/nudc).
LC-MS (phuong phap 2): R, = 0,74 phit; MS (ESIduong): m/z = 445/447/449 (M+H)*

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac & = 7,96 (s, 1H), 3,84 (s,
2H), 2,37 (br, s, 4H), 1,37 (s, 9H) ppm.

Hop chét trung gian 60A

tert-Butyl 4-{[4-amino-6-clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-yl]metyl} piperazin-1-carboxylat

Trong moi trudng khi argon, binh thot c¢b duge nap 140mg (0,3 lmmol) hop chét
trung gian 59A, 102mg (0,46mmol) hop chdt trung gian 5A, 16mg (0,02mmol)
PdCly(dppf) x DCM va 122mg (1,15mmol) natri cacbonat. Sau khi thém 3ml 1,2-
dimetoxyetan/nudc da loai khi (3:1), khudy huyén phi & 60°C trong 2,5 gio. Thém
phin khac chira hop chét trung gian 5A (50mg, 0,23mmol) va PdCly(dppf) x DCM
(8mg, 0,01mmol) vao va tiép tuc khudy & 40°C trong 2,5 gio. Quy trinh sau dugc lp
lai mot 1an nita cho dén khi nguyén liéu ban ddu dugc tiéu thy hét. Sau d6, hdn hop
phan tmg dugc 1am bay hoi mot phin duéi ap suét gizm, thém nude vao, va chiét hdn
hop bing diclometan. Rira cac pha hitu co gom lai bing nudc va dung dich nude natri

clorua bdo hod, 1am khé va lam bay hoi du6i ap suit giam. Tinh ché phin cin (322mg)
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bang RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit
formic trong nudc) & thu duoc 49mg hdn hop gdm hop chit néu & dé myc nay va dén
xuit di dugc khir bao vé Boc, 6-clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-
(piperazin-1-ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin. HOn hop dugc st dung nhu

vdy trong budc phan tmg tiép theo (xem vi du 85).

LC-MS (phuong phap 2): R¢ = 1,00 phat; MS (ESIduong): m/z = 543 (M+H)*, va R, =
0,81 phut; MS (ESIduong): m/z = 443 (M+H)".

Hop chét trung gian 61A

4-{[4-Amino-6-(metoxymetyl)pyrolo[2,1-f][1,2,4]triazin-7-yl]metyl } piperazin-2-on

NH,
ND = O—CH,
99
N\/\\\<\NH
o)

Xt 1y dung dich chira hop chét trung gian 10A (5g, 28,1mmol) va piperazin-2-
on (3,09g, 30,9mmol) trong axit axetic (85ml) bang dung dich nudc formaldehyt 37%
(3,15ml, 42,1mmol) va khudy & 60°C trong 16 gio. Lam bay hoi chét d& bay hoi dudi
ap suét giam, va hoa tan phan cin trong metanol va hip phu vao dét diatomit. Tinh ché
bing séc ky cot trén silicagel (tir 5 dén 10% metanol/diclometan) thu dugc 3,91g (46%
theo ly thuyét) hop chét néu & d& muc nay.

LC-MS (phuong phap 3): R; = 1,68 phuat; MS (ESIduong): m/z =291 (M+H)".
Hop chét trung gian 62A

4-{[4-Amino-5-bromo-6-(metoxymetyl)pyrolo[2,1-f][1,2,4]triazin-7-
yl]metyl}piperazin-2-on
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NH, Br

N 7 = O_CHa

N
N
N\\(NH
o)

Dung dich chita hop chit trung gian 61A (3,9g, 13,4mmol) trong DMF (50ml)
dugc lam lanh dén 0°C va xtr Iy bang dung dich chira N-bromosuxinimit (2,63g,
14,8mmol) trong DMF (6ml). Khudy hén hop & 0°C trong 1 gio. Sau do, lam bay hoi
dung méi va hoa tan phén cin trong metanol va hép phu vao dit diatomit. Tinh ché
bang séc ky cot trén silicagel (tir 5 @én 10% metanol/diclometan) thu dugc 1,99g (39%
theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 3): R = 1,86 phut; MS (ESIduong): m/z=369/371 (M+H)"

'TH-NMR (400 MHz, DMSO-dg): § = 7,96-8,23 (br, s, 1H), 7,90 (s, 1H), 7,71 (s, 1H),
6,72-6,98 (br, s, 1H), 4,45 (s, 2H), 3,91 (s, 2H), 3,27 (s, 3H), 3,07 (br, s, 2H), 2,96 (s,
2H), 2,56 (br, s, 2H) ppm.

Hop chét trung gian 63A

7-(Clometyl)-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f]-

[1,2,4]triazin-4-amin hydroclorua
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Xt ly nho giot huyén phu chita hop chét ctia vi du 86 (1g, 2,51mmol) trong
toluen (60ml) bang thionyl clorua (1,83ml, 25,1mmol), va khudy hdn hop & nhiét do
trong phong qua dém. Lam bay hoi chit d& bay hoi dudi ap suit giam. Pdng bay hoi
phan con lai bing toluen dudi ap suét gidm trong ba 1dn thu dugc 0,85g (74% theo 1y
thuyét) hop chit néu & dé muc nay, hop chit nay duoc st dung ngay cho bude tiép theo

ma khong can tinh ché thém.
Hop chit trung gian 64A

Axit  4-amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-carboxylic

Xt Iy huyén phu chira hop chét trung gian 17A (5g, 12,6mmol) trong THF/nudc
(10:1, 220ml) bing dung dich 2M chira 2-metyl-2-buten trong THF (31,5ml,
63,1mmol) va bang natri dihydrophosphat (6,96g, 50,4mmol). Khudy hén hop & nhiét
dd trong phong trong 5 phut. Sau do, thém natri clorit (4,56g, 50,44mmol) vao va
khudy hén hop thu duoc & nhiét dd trong phong trong 20 gid. Loc huyén phu, va rira
chét rén thu duoc bang nudc thu duge 4,24g (74% theo ly thuyét) hop chit néu & dé

muyc ndy, hop chit nay dugc sir dung trong budc tiép theo ma khong cin tinh ché thém.
LC-MS (phuong phap 4): R; = 1,06 phut; MS (ESIduwong): m/z =413 (M+H)"

'H-NMR (400 MHz, DMSO-dg): & = 13,22 (br, s, 1H), 8,53-8,00 (br, s, 1H), 8,14 (s,
1H), 7,41 (s, 1H), 7,33 (s, 1H), 6,86 (s, 1H), 6,28-5,65 (br, s, 1H), 4,61 (s, 2H), 3,96 (s,
3H), 3,36 (q, 2H), 2,46 (s, 3H), 1,01 (t, 3H) ppm.
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Hop chét trung gian 65A

5,7-Dimetoxy-1-benzothiophen

J CH,

O\CHS

Thém kali cacbonat (2,89g, 20,9mmol) va iodometan (912pl, 14,6mmol) vao
dung dich chira 1-benzothiophen-5,7-diol (1,16g, 6,98mmol) trong axeton (20ml) trong
mdi trudng argon. Khudy hdn hop thu duge trong diéu kién hdi lwu trong 18 gid. Sau
khi dé ngudi dén nhiét d6 trong phong, xir 1y hdn hop bing dung dich 7M chira
amoniac trong metanol (10ml) trong 30 phut va sau d6 hip thu trén silicagel. Tinh ché
bing séc ky cot trén silicagel (xyclohexan/etyl axetat 40:1) thu dugc 0,52g (32% theo
Iy thuyét) hop chét néu & d& muc nay.

LC-MS (phuong phap 4): R = 1,02 phut; MS (ESIduong): m/z =195 (M+H)"

TH-NMR (400 MHz, DMSO-ds): 8 = 7,69 (d, 1H), 7,35 (d, 1H), 7,02 (d, 1H), 6,57 (d,
1H), 3,92 (s, 3H), 3,81 (s, 3H) ppm.

Hop chét trung gian 66A

Axit (5,7-Dimetoxy-1-benzothiophen-2-yl)boronic

HO Oy
\ CH
/B / i
HO S
0
~CH

3

Trong moi trudng khi argon, thém nho giot dung dich 1,6M chira n-butyllithi
trong hexan (1,84ml, 2,95mmol) vao dung dich chira hgp chét trung gian 65A (520mg,
2,68mmol) trong THF khan (5ml) ¢ -70°C. Sau 1 gid & -70°C, thém triisopropyl borat
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(742pl, 3,21mmol) vao va khudy hdn hop trong 16 gio trong khi 1am am tir tir dén
nhiét d6 trong phong. Thém diclometan va dung dich nudc amoni clorua bao hoa vao
va didu chinh d6 pH dén 6 nho viéc bd sung dung dich 1M axit clohydric vao. Tach
pha hitu co, va chiét pha nudc bing diclometan. Lam kho cac pha hitu co gom lai bang
magie sulfat, loc va lam bay hoi. Tinh ché phan cin thu dugc bang sic ky cot trén
silica gel (dAu tién rira giai bang diclometan/metanol 40:1, sau d6 metanol, cudi cing
metanol/4 M hydro clorua trong 1,4-dioxan 10:1) thu dugc 631mg (71% tinh khiét,
71% theo ly thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 4): R, = 0,83 phat; MS (ESIduong): m/z = 239 (M+H)".
Hop chét trung gian 67A

4-Amino-6-(clometyl)pyrolo[2,1-f][1,2,4]triazin-7-carbaldehyt

NH,
of

Hop chit trung gian 67A duogc tach ra dudi dang san phim phy cla qua trinh
tdng hop hop chit trung gian 11A sau khi sic ky cot trén silicagel (diclometan/axeton
8:2 — 7:3).

LC-MS (phuong phap 2): R = 0,6 phut; MS (ESIduong): m/z = 211/213 (M+H)".
Hop chét trung gian 68A

4-Amino-6-[(3-oxopiperazin-1-yl)metyl]pyrolo[2,1-f][1,2,4]triazin-7-carbaldehyt
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Xt ly dung dich chira hop chét trung gian 67A (11,03g, 52,4mmol) va 2-
oxopiperazin (6,82g, 68,1mmol) trong 331ml DMF & nhiét do trong phong bing
DIPEA (13,7ml, 78,6mmol) va khudy qua dém. Loc 1iy chat két tia, rira bing DMF va
dietylete va sau d6 lam khé trong chan khong dé thu dwoc 11,64g hop chit néu & dé
muc nay (89% tinh khiét, 72% theo 1y thuyét).

LC-MS (phwong phap 7): R¢ = 1,30 phut; MS (ESIdwong): m/z =275 (M+H)".
Hop chét trung gian 69A

4-{[4-Amino-7-(hydroxymetyl)pyrolo[2,1-f][1,2,4]triazin-6-yl|metyl } piperazin-2-on

—N
NHZ ->:o
N =

99

OH

Thém bui kém (12,1g, 185mmol) vao dung dich chira hop chit trung gian 68A
(10,17g, 89% tinh khiét, 33,01mmol) trong dung dich 1M axit clohydric (370ml) va
metanol (370ml) & nhiét d6 trong phong va khuiy hdn hop & nhiét do trong phong
trong 18 gio. Thém silicagel (100g) vao va lam bay hoi chit d& bay hoi dudi ap suét
giam. Tao huyén phu phan cin trong metanol, lai lam bay hoi chit dé bay hoi dudi ap
sudt giam va lam khd phdn cin trong chan khong. Chét ran dugc sic ky cot trén
silicagel (gradient diclometan/7M amoniac trong metanol 10:1 — 3:1) dé thu duoc

6,39g hop chit néu & dé& muc nay (60% theo 1y thuyét).

LC-MS (phuong phap 8): R¢= 1,12 phut; MS (ESIdwong): m/z =277 (M+H)"*
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"TH-NMR (400 MHz, DMSO-ds): & = 7,83 (s, 1H), 7,76 (br, s, 1H), 7,64 (br, s, 2H),
6,83 (s, 1H), 5,01 (br, s, 1H), 4,74 (s, 2H), 3,64 (br, s, 2H), 3,14 (br, s, 2H), 2,95 (br, s,
2H), 2,58 (br, s, 2H) ppm.

Hop chét trung gian 70A

4-{[4-Amino-5-bromo-7-(hydroxymetyl)pyrolo[2,1-f][1,2,4]triazin-6-

yllmetyl}piperazin-2-on trifloaxetat

NZ =
k\N/N x CF,COOH

OH

Xt 1y huyén phu chira hop chét trung gian 69A (1g) trong metanol/nude (10:1,
33ml) bang axit trifloaxetic (0,56ml, 7,24mmol) dé thu dugc dung dich trong subt.
Thém nho giot dung dich chira N-bromosuxinimit (708mg, 3,98mmol) trong metanol
(30ml) vao hdn hop trén & 0°C va khudy hdn hop & 0°C trong 1 gio. Loc l4y chit két
tia tao thanh va lam kho trong chén khong dé thu dugc 700mg hop chit néu & d muc
nay (41% theo ly thuyét).

LC-MS (phuong phap 7): R: = 1,38 phut; MS (ESIdwong): m/z =355/357 (M+H)*

"H-NMR (400 MHz, D>0): & = 7,90 (s, 1H), 5,00 (s, 2H), 4,44 (s, 2H), 3,85 (s, 2H),
3,58 (br, t, 2H), 3,50 (br, t, 2H) ppm.

Vi du diéu ché:
Vidul

4-{[4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-yl]metyl } piperazin-2-on
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Phuong phap 1:

Xt ly dung dich chira hop chét trung gian 13A (3g, 7,84mmol) trong metanol
(87ml) bang axit axetic (0,898ml, 15,68mmol), 2-oxopiperazin (1,17g, 11,76mmol) va
natri triaxetoxybohydrua (4,98g, 23,53mmol). Khudy hdn hop & nhiét do trong phong
trong 4,5 gio. Cac phin khac chira 2-oxopiperazin (392mg, 3,9mmol) va natri
triaxetoxybohydrua (3,3g, 15,68mmol) dugce thém vao va khudy hdn hop thu dugc &
60°C qua dém. Sau khi 1am bay hoi, phan cin duoc hép thu vao dung dich nudc natri
hydrocacbonat bio hoa va chiét bing etyl axetat. Lam kh cac pha hitu co gom lai trén
natri sulfat va lam bay hoi, va tinh ché phin cin bang sic ky cot trén silicagel
(diclometan/metanol 40:1 — 10:1). Nghién san phim thu dugc trong metanol va loc
thu dugc 540mg (14% theo ly thuyét) hop chét néu & dé muc nay. Lam bay hoi nudc
cai metanol va tinh ché phin can bang RP-HPLC gép hai 14n (Reprosil C18, gradient
tir 10 dén 95% axetonitril/0,1% axit formic trong nuéc). Gom cac phan doan chira san
phim tinh khiét va lam trung hoa bang dung dich nudc natri hydrocacbonat bao hoa.
Lam bay hoi dung mdi axetonitril va chiét pha nudc bang etyl axetat. Lam khé cac pha
hitu co gom lai trén natri sulfat va lam bay hoi thu dugc 395mg (13% theo 1y thuyét) 1a

mé thir hai chira hop chit néu ¢ dé& muc nay.
Phuong phap 2:

Xt ly dung dich chira hop chét trung gian 21A (291mg, 0,82mmol) trong axit
axetic (2,9ml) bang dung dich nuéc formaldehyt 37% (104pl, 1,39mmol) va 2-
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oxopiperazin (139mg, 1,39mmol). Khudy hdn hop & 60°C trong 3 gid va sau d6 lam
bay hoi. Tinh ché bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95%
axetonitril/0,1% axit formic trong nudc) thu duoc 184mg (44% theo Iy thuyét) hop

chét néu & d& muc nay.
LC-MS (phuong phap 4): R, = 0,77 phat; MS (ESIduong): m/z = 467 (M+H)*

'H-NMR (400 MHz, DMSO-ds): 8 = 8,00 (s, 1H), 7,73 (br, s, 1H), 7,37 (s, 1H), 7,31
(s, 1H), 6,84 (s, 1H), 4,41 (s, 2H), 3,97 (s, 2H), 3,96 (s, 3H), 3,20 (s, 3H), 3,15-3,08
(br, s, 2H), 3,01 (s, 2H), 2,64 (br, t, 2H), 2,45 (s, 3H) ppm.

Viduy2

4-{[4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-yl]metyl} piperazin-2-on dihydroclorua

Xt Iy dung dich chira hop chét ctia vi du 1 (100mg, 214umol) trong 1,4-dioxan
(2ml) bing dung dich 4M hydro clorua trong 1,4-dioxan (2ml, 8mmol). Lam bay hoi
dung mdi thu duoc 130mg (dinh lwgng) hop chit néu & d& muc nay.

LC-MS (phuong phap 2): Ri = 0,79 phut; MS (ESIduong): m/z =467 (M+H)"

'H-NMR (400 MHz, DMSO-ds): & = 8,39 (br, s, 1H), 8,31-8,53 (br, s, 1H), 8,17 (s,
1H), 7,38 (s, 1H), 7,34 (s, 1H), 6,87 (s, 1H), 6,21-6,42 (br, s, 1H), 4,81 (br, s, 2H), 4,52
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(br, s, 2H), 3,96 (s, 3H), 3,57 (s, 2H), 3,32-3,72 (m, 4H), 3,26 (s, 3H), 2,46 (s, 3H)
ppm.

Vidu3

(3R)-3-({[4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-ylJmetyl } amino)pyrolidin-2-on dihydroclorua

Xt 1y dung dich chita hop chit trung gian 13A (520mg, 1,36mmol) trong
metanol (15ml) va axit axetic (156ul, 2,7mmol) bing (R)-3-aminopyrolidin-2-on
(503mg, 5,0mmol) va triaxetoxybohydrua (1,06g, 5,0mmol). Khudy hdn hop & nhiét do
trong phong qua dém va sau d6 lam bay hoi. Tinh ché bing RP-HPLC diéu ché
(Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nudc) va lam
kho thp 4p san phim thu dwoc theo cach nay tir dung dich 4M hydro clorua trong 1,4-
dioxan thu dwgc 272mg (36% theo 1y thuyét) hop chét néu & d& muc nay.

LC-MS (phuong phap 2): R¢= 0,70 phut; MS (ESIdwong): m/z = 467 (M+H)"

TH-NMR (400 MHz, DMSO-ds): d = 9,62 (br, s, 1H), 9,46 (br, s, 1H), 8,56-8,22 (br, s,
1H), 8,44 (s, 1H), 8,19 (s, 1H), 7,38 (s, 1H), 7,34 (s, 1H), 6,87 (s, 1H), 6,54-6,12 (br, s,
1H), 4,89-4,65 (m, 2H), 4,58-4,46 (m, 2H), 4,17-4,07 (br, s, 1H, chdng Ién dinh nuéc),
3,96 (s, 3H), 3,36-3,16 (m, 2H), 3,25 (s, 3H), 2,48-2,39 (m, 1H), 2,46 (s, 3H), 2,23-
2,06 (m, 1H) ppm.
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Vidu4

(3R)-3-({[4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yDpyrolo[2,1-f][1,2,4]triazin-7-yl]metyl }amino)pyrolidin-2-on

Xt ly dung dich chira hop chit trung gian 13A (2,0g, 5,2mmol) trong metanol
(58ml) va axit axetic (0,6ml) bang (R)-3-aminopyrolidin-2-on (785mg, 7,8mmol) va
triaxetoxybohydrua (3,32g, 15,6mmol). Khudy hdn hop & nhiét d6 trong phong qua
dém. Sau thoi gian nay, pha lodng hdn hop phan tmg bing dung dich nudc natri
hydrocacbonat bdo hoa va chiét ba l4n bang etyl axetat. Lam kho cac pha hitu co gom
lai trén natri sulfat va lam bay hoi. Tinh ché phan cin bing sic ky cot hai 1an trén
silicagel (diclometan/metanol tir 40:1 dén 10:1) dé thu duogc 957mg (37% theo ly

thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 4): R: = 0,72 phat; MS (ESIduong): m/z =467 (M+H)*

'H-NMR (400 MHz, DMSO-de): 5 = 8,01 (s, 1H), 7,75 (s, 1H), 7,35 (s, 1H), 7,31 (s,
1H), 6,85 (s, 1H), 4,46-4,34 (m, 2H), 4,24-4,02 (m, 2H), 3,96 (s, 3H), 3,24-3,04 (m,
3H), 3,21 (s, 3H), 2,45 (s, 3H), 2,40-2,27 (m, 1H), 1,80-1,65 (m, 1H) ppm.

Vidu5

4-{[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-yl]metyl } piperazin-2-on
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Phuong phap 1:

X ly dung dich chira hop chét trung gian 17A (2g, 5,05mmol) trong THF
(100ml) & 0°C bang 2-oxopiperazin (1,01g, 10,1mmol), natri triaxetoxybohydrua
(1,07g, 5,04mmol) va axit axetic (0,29ml, 5,04mmol). Khuiy hén hop thu duge & 0°C
trong 30 phit. Thém bdn phan khac nita chira natri triaxetoxybohydrua (1,07g,
5,04mmol) va axit axetic (0,29ml, 5,04mmol) vao c¢ir mdi 14n cach nhau 30 phat va
khudy hdn hop thu dugc trong 30 phiit nira & 0°C, sau do trong 25 phit & 35°C va cubi
cung & nhiét d6 trong phong qua dém. Dép tit phan Ung bang 10% dung dich nudc
natri clorua va chiét hai 14n bang etyl axetat. Lam bay hoi cac 16p hitu co gom lai. Tinh
ché phan can bang sic ky cot trén silica gel (diclometan/ metanol 95:5 — 90:10) thu
duoc 360mg (17% theo ly thuyét) hop chit dugc md ta trong vi du 86 (xem dudi day)
va 1,82g hop chit néu ¢ dé& muyc nay trong cac phan doan riéng biét. Tao huyén phu san
phim néu & dé muyc nay trong etanol (20ml), dun hdi luu trong 2 gi® va sau d6 lam mat
dén 15°C. Loc 14y chét rén va rira bang etanol thu dugc 1,63g (67% theo ly thuyét) hop

chét tinh khiét duoc néu & dé muc nay.
Phuong phap 2:

X ly dung dich chita hop chét cia vi du 13 (930mg, 1,9mmol) trong
diclometan (18ml) bing thionyl clorua (210pl, 2,8mmol) va khudy & nhiét do trong
phong trong 15 phat. Sau khi 1am bay hoi, hoa tan phén cin trong etanol (18ml) va xu
Iy bang DIPEA (670pl, 3,8mmol). Khudy hdn hgp & 70°C trong 2 gid va sau d6 lam
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bay hoi. Tinh ché phan cin bing sic ky cot trén silicagel (diclometan/metanol 98:2 —
90:10). Nghién san phim thu dugc theo cach nay trong hdn hop axetonitril/dietylete va
loc. Dich loc dugc 1am bay hoi, va tinh ché lai phan cin bang séc ky cot trén silicagel
(diclometan/metanol 98:2 — 90:10). M6t 14n nita, nghién san phim thu dugc theo cach
nay trong axetonitril/dietylete va loc. Quy trinh ndy dugc 13p lai thém mdt 14n nita.
Gom ba mé chira chét rén thu dugc theo cach nay, nghién trong axetonitril/dietylete
mot 14n nita va cudi cing loc dé thu dugc 600mg (62% theo ly thuyét) hop chit néu &

dé muc nay.
Phuong phap 3:

Khudy dung dich chira hop chét trung gian 22A (720mg, do tinh khiét 89%,
1,74mmol) trong axit axetic (10ml) bing piperazin-2-on (261mg, 2,61mmol) & 60°C.
Thém 37% dung dich nudc formaldehyt (260pl, 3,48mmol) vao hdn hop niy theo ba
phén 14n luot sau 0, 3 va 12 gid va khudy hdn hop & 60°C trong tng sb 24 gid. Sau do,
loai bo cac chét d& bay hoi dudi ap sudt giam, va phan bd phén cin giira etyl axetat va
dung dich nudc natri hydrocacbonat bdo hoa. Rira pha hitu co bing dung dich nuéc
natri clorua bio hoa, lam kho bing magie sulfat va lam bay hoi. Hoa tan phin cin
trong hdn hop gdbm metanol va diclometan, hip phu vao dt diatomit, lam khé trong
chan khéng va tinh ché bang sic ky nhanh trén silicagel (gradient tr 0 dén 6%
metanol/diclometan). Gom cac ph4n doan san phdm, lam bay hoi va tinh ché lai bing
RP-HPLC diéu ché (Reprosil C18, gradient tir 30 dén 50% axetonitril/0,2% TFA trong
nudc). Gom cac phan doan san phim lai 14n nita, pha loang bang dung dich nudc natri
hydrocacbonat bao hoa va chiét bing etyl axetat. Rira pha hitu co bang dung dich nudc
natri clorua bdo hoa, lam kho bing magie sulfat va lam bay hoi thu duoc 281mg (31%

theo ly thuyét) hop chét néu & dé& muc nay.
LC-MS (phwong phap 2): R, = 0,86 phut; MS (ESIduong): m/z = 481 (M+H)*

'H-NMR (400 MHz, DMSO-ds): 5 = 8,01 (s, 1H), 7,8-8,05 (br, s, 1H), 7,74 (br, s, 1H),
7,38 (s, 1H), 7,31 (s, 1H), 6,85 (s, 1H), 5,6-5,9 (br, s, 1H), 4,45 (s, 2H), 3,97 (s, 2H),
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3,94 (s, 3H), 3,41 (q, 2H), 3,09-3,13 (m, 2H), 3,02 (s, 2H), 2,63-2,69 (br, s, 2H), 2,45
(s, 3H), 1,07 (t, 3H) ppm.
Vidu6

4-{[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo-
[2,1-f][1,2,4]triazin-7-ylJmetyl } piperazin-2-on dihydroclorua

x 2 HCI

Xt 1y dung dich chira hop chét trung gian 17A (60mg, do tinh khiét 69%,
104pumol) trong metanol (6ml) bing 2-oxopiperazin (22mg, 209umol), natri
xyanobohydrua (33mg, 522mmol) va axit axetic (12pl, 209pumol). Khuiy hén hop &
60°C trong 16 gid va sau do loc. Phin dich loc va phédn cin dugc tinh ché riéng 1& bing
RP-HPLC diéu ché (Reprosil C18, gradient tir 40 dén 60% axetonitril/0,2% TFA trong
nudc). Gom cac phan doan san phim, pha loang bing dung dich 1M axit clohydric
(3ml) va 1am bay hoi dén khé thu duoc 46mg (79% theo Iy thuyét) hop chit néu & dé

muc nay.
LC-MS (phuong phap 2): R¢= 0,87 phuat; MS (ESIdvong): m/z = 481 (M+H)"

'H-NMR (400 MHz, DMSO-ds): & = 8,37 (br, s, 1H), 8,31 (br, s, 1H), 8,14 (s, 1H),
7,38 (s, 1H), 7,33 (s, 1H), 6,87 (s, 1H), 6,13 (br, s, 1H), 4,80 (br, s, 2H), 4,52 (s, 2H),
3,96 (s, 3H), 3,86 (br, s, 2H), 3,36-3,51 (m, 5H), 2,46 (s, 3H), 1,11 (t, 3H) ppm.

-131-



20601

Vidu7

(3R)-3-({[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo-
[2,1-f][1,2,4]triazin-7-yl]metyl }amino)pyrolidin-2-on dihydroclorua

X Iy dung dich chira hop chit trung gian 17A (60mg, do tinh khiét 69%,
104pmol) trong metanol (3ml) bing (R)-3-aminopyrolidin-2-on (22mg, 209pmol),
natri xyanobohydrua (33mg, 522umol) va axit axetic (12ul, 209umol). Khuiy hdn hop
& 60°C trong 4 gid va sau do loc. Tinh ché phan dich loc bang RP-HPLC diéu ché
(Reprosil C18, gradient tir 40 dn 60% axetonitril/0,2% TFA trong nudc). Gom cac
phan doan san phim, pha lodng bing dung dich 1M axit clohydric va lam bay hoi dén
khd thu duge 46mg (79% theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 4): R; = 0,74 phut; MS (ESIduong): m/z = 481 (M+H)*

IH-NMR (400 MHz, DMSO-de): & = 9,58-9,75 (m, 1H), 9,33-9,54 (m, 1H), 8,44 (s,
1H), 8,27-8,71 (br, s, 1H), 8,19 (s, 1H), 7,38 (s, 1H), 7,34 (s, 1H), 6,87 (s, 1H), 6,18-
6,48 (br, s, 1H), 4,68-4,87 (m, 2H), 4,49-4,62 (q, 2H), 3,96 (s, 3H), 3,45 (q, 2H), 3,18-
3,35 (m, 2H), 2,46 (s, 4H), 2,08-2,22 (m, 1H), 1,10 (t, 3H) ppm.

Vidy 8

(3R)-3-({[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo-
[2,1-f][1,2,4]triazin-7-yl]metyl }amino)pyrolidin-2-on
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Xt 1y dung dich chira hop chét trung gian 17A (226mg, d6 tinh khiét 75%,
428umol) trong metanol (4ml) bang (R)-3-aminopyrolidin-2-on (85mg, 855umol),
natri xyanobohydrua (134mg, 2,14mmol) va axit axetic (49ul, 855umol). Khudy hdn
hop & nhiét do trong phong trong 1,5 gid. Sau thoi gian nay, tich mdt cach tryc tiép
hén hop biang RP-HPLC diéu ché (Reprosil C18, gradient tr 40 dén 60%
axetonitril/0,2% TFA trong nudc). Gom cac phan doan san phdm, pha loang bing dung
dich nudc natri hydrocacbonat bdo hoa va chiét bang etyl axetat. Rira cac pha hitu co
gom lai biang dung dich nudc natri clorua bao hoa, lam kho trén magie sulfat va lam

bay hoi dén kho thu dugc 180mg (88% theo ly thuyét) hop chit néu & d& muc nay.
LC-MS (phwong phap 4): R; = 0,74 phit; MS (ESIduong): m/z = 481 (M+H)*

'H-NMR (400 MHz, DMSO-ds): & = 8,00 (s, 1H), 7,76 (s, 1H), 7,8-8,1 (br, s, 1H),
7,35 (s, 1H), 7,31 (s, 1H), 6,84 (s, 1H), 5,6-5,9 (br, s, 1H), 4,39-4,49 (m, 2H), 4,04-
4.23 (m, 2H), 3,96 (s, 3H), 3,41 (g, 2H), 3,05-3,23 (m, 3H), 2,45 (s, 3H), 2,31-2,40 (m,
1H), 1,68-1,79 (m, 1H), 1,08 (¢, 3H) ppm.

Vidu9

N?-{[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-yllmetyl} glycinamit dihydroclorua
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Xt ly dung dich chira hop chét trung gian 17A (60mg, d6 tinh khiét 69%,
104pmol) trong metanol (3ml) bing glyxinamit hydroclorua (23mg, 209umol), natri
xyanobohydrua (32mg, 522mmol) va axit axetic (12pl, 209umol). Khudy hén hop &
60°C trong 16 gio. Sau khi loc, phan dich loc dwgc tich bang RP-HPLC diéu ché
(Reprosil C18, gradient tir 20 dén 40% axetonitril/0,2% TFA trong nudéc). Gom céac
phan doan san phim, pha lodng bang dung dich axit clohydric 1M, lam bay hoi dén
khd va gdp chung véi phin cin thu duge tir budce loc. Tinh ché lai nguyén lidu nay
bing RP-HPLC diéu ché hai 1dn (Reprosil C18, gradient tir 20 dén 40%
axetonitril/0,2% TFA trong nudc). Gom cac phan doan san phim lai 14n nira, pha lodng
bing dung dich 1M axit clohydric va lam bay hoi dén khé thu duoc 7,4mg (13% theo
Iy thuyét) hop chit néu & dé muc nay.

LC-MS (phuong phép 2): R; = 0,80 phut; MS (ESIduong): m/z = 455 (M+H)"

TH-NMR (500 MHz, DMSO-d¢): 8 = 9,33 (br, s, 2H), 9,05 (br, s, 1H), 8,31 (s, 1H),
7,93 (br, s, 1H), 7,58 (br, s, 1H), 7,40 (s, 1H), 7,35 (s, 1H), 7,05 (br, s, 1H), 6,88 (s,
1H), 4,65 (br, m, 2H), 4,56 (s, 2H), 3,96 (s, 3H), 3,74 (br, m, 2H), 3,46 (q, 2H), 2,46 (s,
3H), 1,10 (t, 3H) ppm.

Vidu 10

6-(Etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(morpholin-4-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-4-amin
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X 1y dung dich chita hop chét trung gian 17A (55mg, d6 tinh khiét 73%,
101pmol) trong metanol (3ml) bang morpholin (18mg, 202umol), natri xyanobohydrua
(19mg, 303mmol) va axit axetic (18ul, 304pmol). Khudy hdn hop & 60°C trong 18 gio.
Thém lugng khac cia morpholin (18mg, 202umol), natri xyanobohydrua (19mg,
303mmol) va axit axetic (18ul, 304umol) vao va tiép tuc khudy & 60°C trong 3 gid
nira. Pha lodng hdn hop thu dugc bing THF dé hoa tan chét két tia va tach bing RP-
HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40% axetonitril/0,2% TFA trong
nude). Gom cac phin doan san phim va lam bay hoi dén kho. Hoa tan phén cin trong
metanol va loc qua cot trao d6i anion (Stratospheres SPE, PL-HCO3; MP-nhya). Tach
rira cot bang metanol, va dich loc dugc 1am bay hoi thu duge 32mg (68% theo ly

thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 2): Rt = 0,78 phut; MS (ESIduong): m/z = 468 (M+H)*

'TH-NMR (400 MHz, DMSO-d¢): & = 7,98 (s, 1H), 7,9 (br, s, 1H), 7,37 (s, 1H), 7,31 (s,
1H), 6,84 (s, 1H), 5,75 (br, s, 1H), 4,45 (s, 2H), 3,95 (s, 3H), 3,88 (s, 2H), 3,51-3,56
(m, 4H), 3,40 (q, 2H), 2,4-2,5 (m, 4H), 2,45 (s, 3H), 1,06 (t, 3H) ppm.

Viduy 11

1-(4-{[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yDpyrolo[2,1-f][1,2,4]triazin-7-yl]metyl}piperazin-1-yl)etanon dihydroclorua
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Xt 1y dung dich chita hop chét trung gian 17A (130mg, 0,328mmol) trong
metanol (8ml) bing N-axetylpiperazin (63mg, 0,492mmol), natri xyanobohydrua
(103mg, 1,63mmol) va axit axetic (37ul, 0,655mmol). Khudy hdn hop ¢ 60°C trong 3
gio. Sau d6, hdn hop duge gdp chung véi hdn hop phan g cua mé thir nghiém 30mg,
lam bay hoi va tinh ché bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén
95% axetonitril/0,1% axit formic trong nudc). Lam kho lanh san phim thu duoc theo
cach nay tir 1,4-dioxan, sau d6 hoa tan trong etyl axetat va rira bing dung dich nudc
natri hydrocacbonat bao hoa. Lam kho 16p hiru co trén magie sulfat, lam bay hoi va
lam kho lanh lai 14n nita tir 1,4-dioxan. Tinh ché lai bing RP-HPLC diéu ché (Reprosil
C18, gradient tir 10 d&n 95% axetonitril/0,1% axit formic trong nuéc), tiép theo sic ky
cdt hai 14n trén silicagel (diclometan/metanol 98:2 — 4:1) va lam kho lanh tir dung
dich 4M chtra hydroclorua trong 1,4-dioxan thu duogc 49mg (18% theo ly thuyét) hop

chét néu & dé& muc nay.
LC-MS (phuong phap 2): R = 0,82 phut; MS (ESIduong): m/z = 509 (M+H)"

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac & = 8,65-8,26 (br, s, 1H),
8,17 (s, 1H), 7,38 (s, 1H), 7,34 (s, 1H), 6,87 (s, 1H), 6,53-6,05 (br, s, 1H), 4,75 (br, s,
2H), 4,56 (br, s, 2H), 3,96 (s, 3H), 3,45 (q, 2H, chéng 1én dinh nudc), 2,46 (s, 3H),
2,03 (s, 3H), 1,09 (t, 3H) ppm.
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Viduy 12

[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)pyrolo-
[2,1-f][1,2,4]triazin-6-ylJmetanol bis(formiat)

Khudy dung dich chira hop chét trung gian 23A (95mg, 152umol) trong dung
dich 4M hydro clorua trong 1,4-dioxan (3,7ml) & nhiét do trong phong trong 2 gio. Sau
khi 1am bay hoi, tinh ché phan cin bang RP-HPLC diéu ché (Reprosil C18, gradient tir
10 dén 95% axetonitril/0,1% axit formic trong nudc) thu duge 44mg (62% theo ly

thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 2): R, = 0,63 phuat; MS (ESIduong): m/z = 439 (M+H)"

IH-NMR (400 MHz, DMSO-de): & = 8,28 (br, s, 2H), 7,98 (s, 1H), 7,37 (s, 1H), 7,31
(s, 1H), 6,85 (s, 1H), 4,50 (s, 2H, chdng 1én dinh nudc), 3,98 (s, 2H, chdng 1én dinh
nudc), 3,95 (s, 3H, chdng 1én dinh nudc), 2,95-2,84 (m, 4H), 2,61-2,55 (m, 4H, chdng
1én dinh DMSO), 2,45 (s, 3H) ppm.

Vidu 13

4-{[4-Amino-6-(hydroxymetyl)-5-(7-metoxy-5-metyl- 1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-yl]metyl} piperazin-2-on
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Xt 1y dung dich chira hop chét trung gian 20A (1,34g, 3,96mmol) trong axit
axetic (13,9ml) bing 37% dung dich nudc formaldehyt (501pl, 6,6mmol) va 2-
oxopiperazin (670mg, 6,6mmol). Khudy hdn hop & 50°C trong 2 gid va sau d6 lam bay
hoi. Tinh ché bang sic ky cét trén silicagel (diclometan/metanol 98:2 — 90:10) thu

dugc 942mg (49% theo ly thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 2): R;= 0,67 phut; MS (ESIdwong): m/z =453 (M+H)*

'H-NMR (400 MHz, DMSO-dg): & = 7,99 (s, 1H), 7,76 (br, s, 1H), 7,39 (s, 1H), 7,31
(s, 1H), 6,84 (s, 1H), 4,51 (s, 2H), 4,03 (b, s, 2H), 3,95 (s, 3H), 3,18-3,13 (m, 2H),
3,07-2,98 (m, 2H), 2,72-2,60 (m, 2H), 2,45 (s, 3H) ppm.

Vidu 14

7-{[(35)-3-Amino-3-metylpyrolidin- 1 -ylJmetyl }-6-(metoxymetyl)-5-(7-metoxy-5-
metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua
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Xt ly dung dich chira hop chét trung gian 21A (100mg, 0,28mmol) trong axit
axetic (1ml) bing 37% dung dich nudc formaldehyt (25pl, 0,33mmol) va fert-
butyl [(35)-3-metylpyrolidin-3-yl]carbamat (Yoshida et al., Chem. Pharm. Bull. 1996,
44 (7), 1376-1386; 67mg, 0,33mmol). Khudy hdn hop & nhiét do trong phong trong 3
gid va sau d6 lam bay hoi. Phin cin dugc pha lodng bing dung dich nudc natri
hydrocacbonat bio hoa, va thém kali cacbonat dang rin vao cho dén khi sy sinh khi
khéng xay ra nita. Chiét pha nudc ba 14n bing etyl axetat. Lam kho cac pha hitu co
gom lai trén natri sulfat va 1am bay hoi. Hoa tan phén cin trong dung dich 4 M chura
hydroclorua trong 1,4-dioxan (2ml) va khudy & nhiét d6 trong phong trong 2 gid. Sau
khi 1am bay hoi, tinh ché phan cin bang RP-HPLC diéu ché hai lan (d4u tién Reprosil
C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nudc; sau d6 Shield
RP18, gradient tir 5 dén 50% metanol + 0,1% TFA trong nudc/0,1% TFA trong nudc).
Lam khé lanh san phim thu dugc theo cach nay tir dung dich 4M chira hydroclorua

trong 1,4-dioxan thu duoc 14mg (8% theo ly thuyét) hop chit néu & dé muyc nay.
LC-MS (phuong phap 2): R¢= 0,67 phut; MS (ESIdwong): m/z =467 (M+H)*

'H-NMR (400 MHz, DMSO-d¢): khong ké cac yéu t6 khac & = 8,50-8,22 (br, s, 1H),
8,14 (s, 1H), 7,36 (s, 1H), 7,34 (s, 1H), 6,87 (s, 1H), 6,36-6,01 (br, s, 1H), 4,88 (br, s,
2H), 4,56 (br, s, 2H), 3,96 (s, 3H, chéng 1én dinh nuoc), 3,26 (s, 3H), 2,46 (s, 3H), 1,52
(s, 3H) ppm.

Vidu 15

7-{[(3S)-3-Amino-3-metylpyrolidin-1-ylJmetyl}-6-(etoxymetyl)-5-(7-metoxy-5-metyl-
1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin
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Xt ly dung dich chira hop chét trung gian 17A (100mg, 271umol) trong axit
axetic (Iml) bing 37% dung dich nudc formaldehyt (24pl, 326umol) va tert-
butyl [(3S)-3-metylpyrolidin-3-yl]carbamat (Yoshida et al., Chem. Pharm. Bull. 1996,
44 (7), 1376-1386; 65mg, 326pumol). Khudy hdn hop & 60°C trong 4 gio. Sau do, thém
lugng khac 37% dung dich nudc formaldehyt (10ul, 136umol) va fert-butyl [(3S5)-3-
metylpyrolidin-3-yl]carbamat (27mg, 136pmol) vao va tiép tuc khudy & 60°C qua dém.
Sau khi lam bay hoi, phan bd phén cin giira etyl axetat va dung dich nudc natri
hydrocacbonat bao hoa. Thém chét rén kali cacbonat vao cho dén khi su sinh khi
khong xay ra nira. Chiét pha nudc ba 1an bang etyl axetat. Lam kho cac pha hitu co
gom lai trén natri sulfat, lam bay hoi va tinh ché bang RP-HPLC diéu ché (Reprosil
C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nwéc). Hoa tan san
phim thu duoc theo cach nay trong dung dich 4M chira hydroclorua trong 1,4-dioxan
(2ml) va khudy & nhiét d6 trong phong trong 1 gid. Sau khi 1am bay hoi, tinh ché phan
cin biang RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1%
axit formic trong nudc) thu duoc 24mg (18% theo ly thuyét) hop chit néu & d& muc

nay.
LC-MS (phuong phap 4): Ry = 0,70 phut; MS (ESIduong): m/z = 481 (M+H)*

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu tb khac & = 8,19 (s, 1H), 7,38 (s,
1H), 7,34 (s, 1H), 6,87 (s, 1H), 4,90 (br, s, 2H), 3,96 (s, 3H), 3,46 (q, 3H), 2,46 (s, 3H),
1,54 (s, 3H), 1,14-1,05 (m, 3H) ppm.
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Vidu 16

1-(4-{[4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo-
[2,1-f][1,2,4]triazin-7-yl]metyl } piperazin-1-yl)etanon dihydroclorua

Xt ly dung dich chira hop chit trung gian 21A (50mg, 141umol) trong axit
axetic (Iml) bing 37% dung dich nuéc formaldehyt (4,6pl, 169umol) va N-
axetylpiperazin (21,6mg, 169umol). Khudy hdn hop & 75°C trong 3 gid. Sau khi lam
bay hoi, tinh ché phén cin bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén
95% axetonitril/0,1% axit formic trong nudc). Sy lam kho lanh tir dung dich 4M chtra
hydroclorua trong 1,4-dioxan thu dugc 34mg (39% theo ly thuyét) hop chét néu & dé

muc nay.
LC-MS (phuong phap 5): R¢= 1,78 phuat; MS (ESIduong): m/z =495 (M+H)"

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu tb khac & = 8,70-8,35 (br, s, 1H),
8,18 (s, 1H), 7,37 (s, 1H), 7,34 (s, 1H), 6,86 (s, 1H), 6,61-6,19 (br, s, 1H), 4,74 (br, s,
2H), 4,54 (br, s, 2H), 3,96 (s, 3H), 3,25 (s, 3H), 2,46 (s, 3H), 2,03 (s, 3H) ppm.

Viduy 17

6-(Metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-4-amin formiat
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x HCOOH

Xt ly dung dich chira hop chét trung gian 23A (110mg, 204pmol) trong
diclometan (2,2ml) bang thionyl clorua (29pl, 408umol) & nhiét do trong phong trong
15 phit. Sau khi 1am bay hoi, hoa tan phin cin trong metanol (2,2ml) va xu ly bang
DIPEA (39pl, 224pmol). Khudy hdn hop & 70°C trong 1 gid va sau d6 lam bay hoi.
Phin can duoc hip thu vao dung dich 4M chita hydroclorua trong 1,4-dioxan (2,2ml)
va khudy & nhiét do trong phong trong 2 gi. Lam bay hoi va tinh ché bang RP-HPLC
didu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic trong
nuéc) thu duoc 44,9mg (46% theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R;= 0,73 phut; MS (ESIduong): m/z = 453 (M+H)"

'TH-NMR (400 MHz, DMSO-d¢): 6 = 8,28 (br, s, 1H), 8,00 (s, 1H), 7,35 (s, 1H), 7,31
(s, 1H), 6,85 (s, 1H), 4,41 (s, 2H), 4,00-3,90 (m, 5H), 3,00-2,90 (m, 4H), 2,65-2,56 (m,
4H), 2,45 (s, 3H) ppm.

Viduy 18

6-(Etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-4-amin
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Xt 1y dung dich chira hop chét trung gian 23A (80mg, 317umol) trong
diclometan (2ml) bing thionyl clorua (22pul, 297umol) va khudy & nhiét do trong
phong trong 15 phit. Sau khi 1am bay hoi, hoa tan phin cin trong etanol (2ml) va xt ly
bang DIPEA (28ul, 163pmol). Khudy hén hop & 70°C trong 1 gio va sau do lam bay
hoi. Phan can dugc hdp thu vao dung dich 4M chtra hydroclorua trong 1,4-dioxan
(2ml) va khudy & nhiét d6 trong phong trong 1 gid. Lam bay hoi va tinh ché bang RP-
HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic
trong nudc) thu dugc 35mg (50% theo ly thuyét) hop chit néu ¢ dé muc nay.

LC-MS (phuong phap 2): R; = 0,82 phut; MS (ESIduong): m/z =467 (M+H)*

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu t khac & = 8,09 (br, s, 1H), 7,36 (s,
1H), 7,32 (s, 1H), 6,86 (s, 1H), 4,50 (br, s, 2H), 3,96 (s, 3H), 3,42 (q, 2H, chdng lén
dinh nuoc), 2,45 (s, 3H), 1,05 (t, 3H) ppm.

Vidy 19

6-(Etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin- 1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-4-amin dihydroclorua
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Khudy dung dich chita hop chét ctia vi du 18 (50mg, 107umol) trong dung dich
4M chira hydroclorua trong 1,4-dioxan (1ml) ¢ nhiét do trong phong trong 15 gio. Sau
khi 1am bay hoi, thu dugc 55mg (93% theo ly thuyét) hop chat néu & dé muc nay.

LC-MS (phuong phap 4): R; = 0,74 phut; MS (ESIduong): m/z =467 (M+H)*

'H-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac & = 8,18 (s, 1H), 7,37 (s,
1H), 7,34 (s, 1H), 6,87 (s, 1H), 4,76 (br, s, 2H), 4,60 (br, s, 2H), 3,96 (s, 3H), 3,45 (q,
2H), 2,46 (s, 3H), 1,09 (t, 3H) ppm.

Vidu 20

1-(4-{[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo-
[2,1-f][1,2,4]triazin-7-yl]metyl } piperazin-1-yl)etanon

Xt 1y dung dich chita hop chat ctia vi du 18 (70mg, 150pumol) trong diclometan
(2ml) va THF (0,8ml) bang axetyl clorua (21ul, 300umol) va natri cacbonat (127mg,
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1,2mmol). Khu4y hdn hop & nhiét d6 trong phong qua dém. Sau khi 1am bay hoi, tinh
ché phin cin bing RP-HPLC diéu ché (Reprosil C18, gradient tr 10 dén 95%
axetonitril/0,1% axit formic trong nudc) thu dwgc 27mg (31% theo ly thuyét) hop chét

néu & dé muc nay.
LC-MS (phuong phap 4): Ry = 0,77 phut; MS (ESIduong): m/z = 509 (M+H)"

'H-NMR (400 MHz, DMSO-d¢): & = 7,98 (s, 1H), 7,37 (s, 1H), 7,31 (s, 1H), 6,84 (s,
1H), 4,45 (s, 2H), 3,95 (s, 3H), 3,92 (s, 2H), 3,45-3,36 (m, 6H), 2,48-2,38 (m, 7H, xép
chdng voi DMSO peak), 1,97 (s, 3H), 1,06 (t, 3H) ppm.

Vidu 21

4-({4-Amino-6-[(2-hydroxyetoxy)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-
pyrolo[2,1-f][1,2,4]triazin-7-yl }metyl)piperazin-2-on formiat

Xtr ly dung dich chira hop chét cta vi du 13 (60mg, 132pumol) trong diclometan
(2ml) bang thionyl clorua (14ul, 198umol). Khudy hén hop & nhiét do trong phong
trong 15 phiit va sau d6 lam bay hoi. Hoa tan phan cin trong etylen glycol (500ul) va
khudy & 100°C trong 90 phut. Tinh ché bing RP-HPLC diéu ché (Reprosil C18,
gradient tlr 10 dén 95% axetonitril/0,1% axit formic trong nuéc) thu duge 34mg (47%

theo ly thuyét) hop chit néu & d muc nay.

LC-MS (phuong phap 2): R = 0,69 phut; MS (ESIduong): m/z =497 (M+H)"
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'H-NMR (400 MHz, DMSO-d): & = 8,14 (s, 1H), 8,00 (s, 1H), 7,74 (br, s, 1H), 7,42
(s, 1H), 7,31 (s, 1H), 6,84 (s, 1H), 4,49 (s, 2H), 3,99 (s, 2H), 3,96 (s, 3H), 3,50-3,43
(m, 2H), 3,42-3,36 (m, 2H, chdng Ién dinh nuéc), 3,15-3,07 (m, 2H), 3,03 (s, 2H),
2,69-2,61 (m, 2H), 2,45 (s, 3H) ppm.

Vi du 22

2-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-yl]metoxy} etanol dihydroclorua

Xt 1y dung dich chira hop chét trung gian 23A (100mg, 185umol) trong
diclometan (4ml) bing thionyl clorua (27ul, 371umol). Khudy hdn hgp & nhiét do
trong phong trong 20 phit va sau d6 1am bay hoi. Hoa tan phén cn trong etylen
glycol/THF (2:1, 1,5ml) va khudy & 100°C trong 2 gio. Sau khi lam bay hoi, tinh ché
phin cin bing RP-HPLC diéu ché (Reprosil C18, gradient tr 10 dén 95%
axetonitril/0,1% axit formic trong nudc), tiép theo sic ky cot trén silicagel (diclo-
metan/metanol + 0,1% amoniac trong nudc 98:2 — 90:10). Sy lam khé lanh tir dung
dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 67mg (64% theo ly thuyét) hop

chét néu & dé& muc nay.
LC-MS (phuong phap 2): R; = 0,66 phut; MS (ESIduong): m/z = 483 (M+H)"

'H-NMR (400 MHz, DMSO-de): & = 8,16 (s, 1H), 7,49 (s, 1H), 7,43 (s, 1H), 6,98 (s,
1H), 4,86 (s, 2H), 4,69 (s, 2H), 4,03 (s, 3H), 3,81-3,49 (m, 12H), 2,50 (s, 3H) ppm.
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Vidu 23

6-(Butoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-4-amin formiat

x HCOOH

X ly dung dich chira hop chit trung gian 23A (100mg, 185pmol) trong
diclometan (2ml) bang thionyl clorua (27pl, 371pmol). Khudy hdn hop & nhiét do
trong phong trong 15 phiit va sau d6 1am bay hoi. Hoa tan phan cin trong 1-butanol
(2ml) va gia nhiét dén 70°C trong 1 gio. Sau khi 1am bay hoi, phin cin dugc hép thu
vao dung dich 4M chita hydroclorua trong 1,4-dioxan (2ml) va khudy & nhiét do trong
phong trong 2 giod. Lam bay hoi va tinh ché bing RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nudc) thu dugc 22mg (24%
theo Iy thuyét) hop chét néu & & muc nay.

LC-MS (phuong phap 2): R; = 0,82 phut; MS (ESIduong): m/z =495 (M+H)"

'H-NMR (400 MHz, DMSO-d¢): & = 8,29 (s, 1H), 7,99 (s, 1H), 7,35 (s, 1H), 7,29 (s,
1H), 6,84 (s, 1H), 4,43 (s, 2H), 3,95 (s, 3H), 3,92 (s, 2H), 3,35 (t, 2H), 2,90-2,79 (m,
4H), 2,45 (s, 3H), 1,47-1,37 (m, 2H), 1,31-1,18 (m, 2H), 0,80 (t, 3H) ppm.

Vidu 24

5-(7-Metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin- 1-ylmetyl)-6-(propoxy-
metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin bis(formiat)
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Xt ly dung dich chita hgp chit trung gian 23A (100mg, 185umol) trong
diclometan (2ml) bing thionyl clorua (27ul, 371pmol). Khudy hén hop & nhiét do
trong phong trong 15 phut va sau d6 1am bay hoi. Hoa tan phan cin trong 1-propanol
(2ml), xir Iy bang DIPEA (48ul, 278umol) va khudy & nhiét d6 trong phong trong 1
gi0. Sau khi 1am bay hoi, phin cin dugc hip thy vao dung dich 4M chira hydroclorua
trong 1,4-dioxan (2ml) va khudy & nhiét do trong phong trong 2 gid. Lam bay hoi va
tinh ché bing RP-HPLC diéu ché (Reprosil C18, gradient tr 10 dén 95%
axetonitril/0,1% axit formic trong nuéc) thu dwoc 15mg (16% theo ly thuyét) hop chét

néu & dé muc nay.
LC-MS (phuong phap 2): R¢ = 0,78 phut; MS (ESIdwong): m/z = 481 (M+H)*

'H-NMR (400 MHz, DMSO-ds): & = 8,26 (br, s, 2H), 7,98 (s, 1H), 7,36 (s, 1H), 7,30
(s, 1H), 6,84 (s, 1H), 4,44 (s, 2H), 3,95 (s, 3H), 3,92 (s, 2H), 3,32 (t, 2H), 2,87-2,79 (m,
4H), 1,52-1,39 (m, 2H), 0,81 (t, 3H) ppm.

Vidu 25

6-[(Xyclopropylmetoxy)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-
(piperazin- 1-ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin bis(formiat)
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x2 HCOOH

Xt 1y dung dich chira hop chit trung gian 23A (100mg, 185umol) trong
diclometan (2ml) bang thionyl clorua (27pl, 371pumol). Khudy hdn hop & nhiét do
trong phong trong 15 phut va sau d6 lam bay hoi. Hoa tan phdn cin trong
xyclopropylmetanol (2ml), xir ly bang DIPEA (48pl, 278umol) va khudy & 70°C trong
2 gio. Sau khi 1am bay hoi, phén cin duge hip thu vao dung dich 4M chira hydroclorua
trong 1,4-dioxan (2ml) va khudy & nhiét d6 trong phong trong 2 gid. Lam bay hoi va
tinh ché bing RP-HPLC diéu ché (Reprosil C18, gradient tr 10 dén 95%
axetonitril/0,1% axit formic trong nudc) thu duge 29mg (30% theo 1y thuyét) hop chét

néu ¢ dé muc nay.
LC-MS (phuong phap 2): R¢ = 0,78 phut; MS (ESIduong): m/z =493 (M+H)"

'H-NMR (400 MHz, DMSO-de): & = 8,28 (br, s, 2H), 7,99 (s, 1H), 7,37 (s, 1H), 7,30
(s, 1H), 6,84 (s, 1H), 4,45 (s, 2H), 3,95 (s, 3H), 3,93 (s, 2H), 3,21 (d, 2H), 2,95-2,83
(m, 4H), 2,61-2,56 (m, 4H), 2,45 (s, 3H), 1,01-0,91 (m, 1H), 0,46-0,37 (m, 2H), 0,15-
0,08 (m, 2H) ppm.

Vi du 26

6-[(Xyclobutyloxy)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin
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X ly dung dich chira hop chét trung gian 23A (85mg, 157umol) trong
diclometan (1,7ml) bang thionyl clorua (23pl, 315pmol). Khudy hdn hop & nhiét do
trong phong trong 15 phut va sau d6 1am bay hoi. Hoa tan phan cin trong xyclobutanol
(1,7ml), xr Iy bang DIPEA (41pl, 236umol) va khudy & 70°C trong 2 gid. Sau khi lam
bay hoi, phan cin dugc hip thu vao dung dich 4M chira hydroclorua trong 1,4-dioxan
(1,7ml) va khudy & nhiét d6 trong phong trong 2 gio. Lam bay hoi va tinh ché bang
RP-HPLC diéu ché (Reprosil C18, gradient tir 10 &&n 95% axetonitril/0,1% axit formic
trong nudc) thu duge 23mg (28% theo ly thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R; = 0,82 phut; MS (ESIduong): m/z =493 (M+H)"

'H-NMR (400 MHz, DMSO-dg): & = 8,01 (s, 1H), 7,37 (s, 1H), 7,32 (s, 1H), 6,85 (s,
1H), 4,37 (s, 2H), 4,06-3,86 (m, 6H), 3,14-2,97 (m, 4H), 2,80-2,62 (m, 4H), 2,45 (s,
3H), 2,10-1,96 (m, 2H), 1,83-1,69 (m, 2H), 1,65-1,52 (m, 1H), 1,49-1,33 (m, 1H) ppm.

Vi du 27

6-(Isopropoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-yl-
metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin formiat
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x HCOOH

X 1y dung dich chira hop chit trung gian 23A (65mg, 120pmol) trong
diclometan (1,3ml) bing thionyl clorua (17ul, 241umol). Khudy hdn hop & nhiét do
trong phong trong 15 phiit va sau d6 lam bay hoi. Hoa tan phdn cin trong 2-propanol
(1,3ml), xtr 1y bing DIPEA (23pl, 132pumol) va khudy & 70°C trong 1 gio. Thém tiép
DIPEA (23ul, 132pumol) vao va lai khudy hdn hop l4n nita & 70°C trong 1 gid. Sau do,
thém phan khac DIPEA (63pl, 362pumol) vao va tiép tuc khudy & 90°C trong 3 gid. Sau
khi 1am bay hoi, phan cin dugc hip thu vao dung dich 4M chira hydroclorua trong. 1,4-
dioxan (1,3ml) va khudy & nhiét do trong phong trong 2 gio. Lam bay hoi va tinh ché
bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit
formic trong nudc) thu duge 23mg (34% theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 4): R¢= 0,74 phut; MS (ESIduong): m/z = 481 (M+H)"

'H-NMR (400 MHz, DMSO-d): 8 = 8,30 (s, 1H), 7,98 (s, 1H), 7,37 (s, 1H), 7,30 (s,
1H), 6,84 (s, 1H), 4,43 (s, 2H), 3,95 (s, 3H), 3,90 (s, 2H), 3,57 (m, 1H, chdng lén dinh
nuéc), 2,88-2,78 (m, 4H), 2,45 (s, 3H), 1,04 (d, 6H) ppm.

Vidy 28

6-[(2-Metoxyetoxy)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin formiat

-151-



20601

x HCOOH

Xt Iy dung dich chira hop chét trung gian 23A (100mg, 185umol) trong
diclometan (2ml) bing thionyl clorua (27pl, 371pmol). Khudy hdn hop & nhiét do
trong phong trong 15 phlt va sau d6 lam bay hoi. Hoa tan phdn cin trong 2-
metoxyetanol (2ml), xir Iy bing DIPEA (35ul, 204pumol) va khudy & 70°C trong 1 gio.
Sau khi 1am bay hoi, phan can dwoc hip thu vao dung dich 4M hydro clorua trong 1,4-
dioxan (2ml) va khudy & nhiét do trong phong trong 2 gio. Lam bay hoi va tinh ché
bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit
formic trong nudce) thu dugc 50mg (50% theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R;= 0,75 phut; MS (ESIduong): m/z =497 (M+H)"

TH-NMR (400 MHz, DMSO-ds): 8 = 8,26 (br, s, 1H), 7,99 (s, 1H), 7,39 (s, 1H), 7,30
(s, 1H), 6,84 (s, 1H), 4,48 (s, 2H), 3,95 (s, 3H), 3,94 (s, 2H), 3,52-3,46 (m, 2H, chdng
1én dinh nudc), 3,44-3,37 (m, 2H, chéng 1én dinh nuoc), 3,20 (s, 3H), 2,94-2,84 (m,
4H), 2,61-2,54 (m, 4H, chéng 1én dinh DMSO), 2,45 (s, 3H) ppm.

Vi du 29

5-(7-Metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-6-[(2,2,2-triflo-
etoxy)metyl]pyrolo[2,1-f][1,2,4]triazin-4-amin formiat
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Xt 1y dung dich chira hop chit trung gian 23A (100mg, 185pumol) trong
diclometan (2ml) bang thionyl clorua (27pl, 371umol). Khudy hdn hop & nhiét do
trong phong trong 15 phit va sau d6 lam bay hoi. Hoa tan phan cin trong 2,2,2-
trifloetanol (2ml), xir Iy bang DIPEA (35ul, 204umol) va khudy & 70°C trong 1 gio.
Thém tiép DIPEA (35ul, 204pumol) vao va tiép tuc khudy & nhiét do trong phong trong
1 gio. Sau khi 1am bay hoi, phin c3n dugc hip thu vao dung dich 4M chtra hydroclorua
trong 1,4-dioxan (2ml) va khudy & nhiét do trong phong trong 2 gid. Lam bay hoi va
tinh ché bing RP-HPLC diéu ché (Reprosil C18, gradient tr 10 dén 95%
axetonitril/0,1% axit formic trong nudc) thu duoc 23mg (23% theo 1y thuyét) hop chét

néu ¢ d& muc nay.
LC-MS (phuong phap 2): Rt = 0,79 phut; MS (ESIduong): m/z =521 (M+H)"

'TH-NMR (400 MHz, DMSO-ds): & = 8,28 (br, s, 1H), 8,00 (s, 1H), 7,37 (s, 1H), 7,30
(s, 1H), 6,85 (s, 1H), 4,66 (s, 2H), 4,08 (q, 2H), 3,95 (s, 3H), 3,92 (s, 2H), 2,85-2,75
(m, 4H), 2,45 (s, 3H) ppm.

Vidu 30

6-[(2-Aminoetoxy)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua
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x 3 HCI

X0 ly dung dich chira hop chit trung gian 23A (150mg, 278umol) trong
diclometan (5ml) bang thionyl clorua (40ul, 556pmol). Khudy hdn hop & nhiét d6
trong phong trong 15 phit va sau d6 lam bay hoi. Hoa tan phan cin trong THF (0,5ml)
va xur 1y bang tert-butyl (2-hydroxyetyl)carbamat (1ml) va DIPEA (242pul, 1,39mmol).
Khudy hdn hop & 100°C qua dém. Sau khi 1am bay hoi, phén cin dugce hip thu vao
1,4-dioxan (10ml), xr ly bang dung dich 4M chira hydroclorua trong 1,4-dioxan (10ml)
va khudy & nhiét do trong phong trong 1 gio. Loai bo cac chét d& bay hoi dudi ap suét
giam, va tinh ché phén cin biang RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén
95% axetonitril/0,1% axit formic trong nudc). Tinh ché tiép bang RP-HPLC diéu ché
(Shield RP18, 25% axetonitril/75% 0,01% TFA trong nudc) tiép theo lam kho lanh tir
dung dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 10mg (6% theo ly thuyét)

hop chét néu & dé muc nay.
LC-MS (phuong phap 2): R = 0,58 phat; MS (ESIduong): m/z = 482 (M+H)*

'H-NMR (400 MHz, D;0): & = 8,12 (s, 1H), 7,50 (s, 1H), 7,44 (s, 1H), 6,99 (s, 1H),
4,61 (s, 2H), 4,04 (s, 3H), 3,88-3,80 (m, 1H), 3,70-3,60 (m, 3H), 3,52-3,46 (m, 4H),
3,40-3,34 (m, 4H), 3,07 (t, 2H), 2,51 (s, 3H) ppm.

Vi du 31

Metyl {[4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-6-ylJmetoxy } axetat
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Xt ly dung dich chita hop chit trung gian 23A (50mg, 92umol) trong
diclometan (2ml) bing thionyl clorua (13pul, 186umol). Khudy hdn hop & nhiét do
trong phong trong 15 phut va sau d6 lam bay hoi. Hoa tan phin cin trong
metylglycolat (1ml), xt Iy bing DIPEA (80pl, 464pmol) va khudy & 70°C trong 2 gio.
Sau khi 1am bay hoi, phin cin dwoc hép thu vao diclometan (1,6ml), xr Iy bang axit
trifloaxetic (400pl, 5,19mmol) va khudy & nhiét d trong phong trong 1 gid. Sau do,
lam bay hoi hdn hop, va tinh ché phén cin bing RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc). Lam trung hoa cac phén
doan chtra hop chit néu & d& muc nay bang dung dich nudc natri hydrocacbonat béo
hoa va 1am bay hoi. Phin can dwoc hép thu trong nude, va chiét hdn hop ba 1in bing
diclometan. Lam kho cac pha hitru co gom lai trén natri sulfat va lam bay hoi thu dugc

21mg (43% theo Iy thuyét) hop chét néu & dé muc nay.
LC-MS (phuong phap 2): R = 0,72 phuat; MS (ESIduong): m/z =511 (M+H)"

"H-NMR (400 MHz, DMSO-ds): 6 = 7,99 (s, 1H), 7,39 (s, 1H), 7,31 (s, 1H), 6,85 (s,
1H), 4,59 (s, 2H), 4,11 (s, 2H), 3,95 (s, 3H), 3,90 (s, 2H), 3,57 (s, 3H), 2,81-2,69 (m,
4H), 2,48-2,39 (m, 7H) ppm.

Vi du 32

Axit {[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-yl]metoxy } axetic
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Xt 1y dung dich chira hop chit trung gian 24A (200mg, 327umol) trong THF
(14ml) bing dung dich nude lithi hydroxit 2,5M (16ml) va khudy & 80°C trong 2 gid.
Sau d6, hén hop dugc gdp chung v6i hdn hop phan (mg ciia mé thir nghiém 27mg .
Chiét pha nu6c hai 14n bang THF va lam bay hoi cac pha hitu co gom lai. Hoa tan phéan
cin trong dung dich 4M chta hydroclorua trong 1,4-dioxan (2ml) va khqu 0 nhiét do
trong phong trong 3 gio. Sau khi 1am bay hoi, tinh ché phén can bang RP-HPLC diéu
ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc). Lam
kho lanh tir dung dich 4M chtra hydroclorua trong 1,4-dioxan va tinh ché lai bing RP-
HPLC diéu ché (XBridge C18, gradient tir 5 dén 95% axetonitril/0,1% dung dich nuéc
amoni hydroxit) thu dugc 13mg (7% theo ly thuyét) hop chét néu ¢ d& muc nay.

LC-MS (phuong phép 2): R, = 0,69 phat; MS (ESIdwong): m/z =497 (M+H)"

'H-NMR (400 MHz, DMSO-d¢): & = 8,00 (s, 1H), 7,38 (s, 1H), 7,30 (s, 1H), 6,84 (s,
1H), 4,54 (s, 2H), 4,08 (s, 2H), 3,95 (s, 3H), 3,79 (s, 2H), 2,99-2,89 (m, 4H), 2,73-2,63
(m, 4H), 2,44 (s, 3H) ppm.

Vidu 33

2-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-ylJmetoxy } axetamit
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Xt 1y hop chét trung gian 24A (200mg, 327umol) bing dung dich 7M chira
amoniac trong metanol (10ml) va khudy & nhiét do trong phong qua dém. Sau d6, hén
hop dugc gdp chung véi hdn hop phan (ng ciia mé thir nghiém 20mg, va 1am bay hoi
dung mdi. X 1y phin cin bing dung dich 4M chira hydroclorua trong 1,4-dioxan
(2ml) va khudy & nhiét d6 trong phong trong 2 gio. Lam bay hoi va tinh ché tiép theo
bing RP-HPLC diéu ché (ddu tién Reprosil C18, gradient tr 10 dn 95%
axetonitril/0,1% TFA trong nudc; sau d6 XBridge C18, gradient tr 5 dén 95%
axetonitril/0,1% dung dich nudc amoni hydoxit) thu duoc 5,5mg (3% theo 1y thuyét)

hop chit néu ¢ dé muc nay.
LC-MS (phuong phap 2): R = 0,69 phuit; MS (ESIduong): m/z =496 (M+H)*

'H-NMR (400 MHz, DMSO-de): 5 = 8,14-7,59 (br, s, 1H), 7,99 (s, 1H), 7,39 (s, 1H),
7,35-7,22 (m, 3H), 6,85 (s, 1H), 4,54 (s, 2H), 3,95 (s, 3H), 3,90 (s, 2H), 3,79 (s, 2H),
2,73-2,66 (m, 4H), 2,45 (s, 3H), 2,43-2,35 (m, 4H) ppm.

Vidu 34

2-({7-[(4-Axetylpiperazin-1-yl)metyl]-4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-
2-yl)pyrolo[2,1-f][1,2,4]triazin-6-yl } metoxy)axetamit
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Xt Iy dung dich chira hop chét ciia vi du 33 (105mg, 68% tinh khiét, 144pmol)
trong THF/diclometan (1:2,5, 3,9ml) bfmg natri cacbonat (179mg, 1,6mmol) va khqu
0 nhiét do trong phong trong 30 phut. Thém axetyl clorua (30ul, 424pmol) vao va
khudy hén hop thu dugc & nhiét d6 trong phong trong 30 phit, sau d6 dap tit phan ing
béng metanol (2ml) va 1am bay hoi. Tinh ché bang RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nuwdc) thu duoc 30mg (85%

tinh khiét, 34% theo 1y thuyét) hop chit néu & d& muc nay.
LC-MS (phwong phép 5): R, = 1,67 phiit; MS (ESIdwong): m/z = 538 (M+H)*

TH-NMR (400 MHz, DMSO-de): § = 7,99 (s, 1H), 7,40 (s, 1H), 7,33-7,19 (m, 3H),
6,85 (s, 1H), 4,55 (s, 2H), 3,96 (s, 5SH), 3,80 (s, 2H), 3,43-3,36 (m, 4H), 2,47-2,38 (m,
7H), 1,97 (s, 3H) ppm.

Vidu 35

5-(7 -Métoxy-S -metyl-1-benzothiophen-2-yl)-6-(phenoxymetyl)-7-(piperazin-1-yl-
metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin bis(formiat)

x2 HCOOH
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Xt ly dung dich chira hgp chit trung gian 23A (100mg, 185umol) trong
diclometan (2ml) bang thionyl clorua (27ul, 371pmol). Khudy hdn hop & nhiét do
trong phong trong 15 phit va sau d6 lam bay hoi. Hoa tan phin cin trong THF (2ml),
xr 1y bang phenol (174mg, 1,85mmol) va DIPEA (48pl, 278umol) va khudy & 70°C
trong 2 gio. Thém lugng khac phenol (174mg, 1,85mmol) va DIPEA (64pl, 371umol)
vao va tiép tuc khudy & 70°C qua dém. Sau khi 1am bay hoi, phin can dwoc hip thu
vao dung dich 4M chtta hydroclorua trong 1,4-dioxan (2ml) va khudy & nhiét do trong
phong trong 2 gid. Lam bay hoi va tinh ché bang RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nudc) thu dwoc 8mg (8%

theo ly thuyét) hop chit néu & dé muyc nay.
LC-MS (phwong phap 2): R = 0,84 phat; MS (ESIduong): m/z = 515 (M+H)"

'H-NMR (400 MHz, DMSO-ds): & = 8,26 (s, 2H), 8,02 (s, 1H), 7,36 (s, 1H), 7,30-7,22
(m, 3H), 6,99-6,89 (m, 3H), 6,81 (m, 1H), 5,04 (s, 2H), 3,93 (s, SH), 2,78-2,71 (m,
4H), 2,42 (s, 3H) ppm.

Vidu 36

5-(7-Metoxy-5-metyl-1-benzothiophen-2-yl)-6-[ (metylamino)metyl]-7-(piperazin-1-yl-
metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

Xt 1y hop chit trung gian 25A (150mg, 279umol) trong THF (3ml) bing axit
axetic (32pl, 559umol), dung dich 2M chira metylamin trong THF (698ul, 1,39mmol)
va natri triaxetoxybohydrua (296mg, 1,39mmol). Khudy hén hop & 60°C trong 2 gid va
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sau d6 1am bay hoi. Hoa tan phén cin trong dung dich 4M chtra hydroclorua trong 1,4-
dioxan (1,87ml) va khudy & nhiét d6 trong phong trong 2 gio. Sau khi 1am bay hoi, tinh
ché phan cin biang RP-HPLC diéu ché (Reprosil C18, gradient tr 10 dén 95%
axetonitril/0,1% TFA trong nudc). Sy lam kho lanh tir dung dich 4M chita hydroclorua
trong 1,4-dioxan thu dugc 79mg (49% theo ly thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R; = 0,56 phut; MS (ESIduong): m/z = 452 (M+H)*

"H-NMR (400 MHz, D,0): & = 8,17 (s, 1H), 7,57 (s, 1H), 7,46 (s, 1H), 7,01 (s, 1H),
4,52 (s, 2H), 4,46 (s, 2H), 4,04 (s, 3H), 3,48-3,39 (m, 4H), 3,25-3,15 (m, 4H), 2,59 (s,
3H), 2,51 (s, 3H) ppm.

Vi du 37

6-[(Pimetylamino)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

Xt ly dung dich chira hop chit trung gian 25A (150mg, 279umol) trong THF
(3ml) bang axit axetic (32pl, 559umol), dung dich 2M chira dimetylamin trong THF
(698ul, 1,39mmol) va natri triaxetoxybohydrua (296mg, 1,39mmol). Khudy hén hop &
60°C trong 2 gio' va sau d6 1am bay hoi. Hoa tan phén cin trong dung dich 4M chira
hydroclorua trong 1,4-dioxan (1,88ml) va khudy & nhiét do trong phong trong 2 gio.
Sau khi 1am bay hoi, tinh ché phin cin bing RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 d&n 95% axetonitril/0,1% TFA trong nudc). Lam kho lanh tir dung dich
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4M chtta hydroclorua trong 1,4-dioxan thu dugc 83mg (50% theo ly thuyét) hop chét

néu & d& muc nay.
LC-MS (phuong phap 4): R; = 0,50 phut; MS (ESIduong): m/z = 466 (M+H)*

'H-NMR (400 MHz, D,0): & = 8,17 (s, 1H), 7,57 (s, 1H), 7,45 (s, 1H), 7,01 (s, 1H),
4,57 (s, 2H), 4,50 (s, 2H), 4,04 (s, 3H), 3,47-3,36 (m, 4H), 3,21-3,12 (m, 4H), 2,80 (s,
6H), 2,51 (s, 3H) ppm.

Vidu 38

6-[(Etylamino)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-yl-
metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

Xt 1y dung dich chira hop chét trung gian 25A (60mg, 111,8umol) trong THF
(Iml) bing dung dich 2M chira etylamin trong THF (83ul, 167umol), natri
triaxetoxybohydrua (118mg, 559umol) va axit axetic (83pl, 167umol). Khudy hdn hop
& 60°C trong 90 phit. Thém tiép lwong khac dung dich 2M etylamin (83pl, 167pmol)
va natri triaxetoxybohydrua (71mg, 335umol) vao va tiép tuc khudy & 60°C trong 2 gio
nira. Sau khi 1am bay hoi, hoa tan phan cin trong dung dich 4M chira hydroclorua
trong 1,4-dioxan (3ml) va khudy & nhiét d§ trong phong qua dém. Lam bay hoi hén
hop, va tinh ché phin can bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén
95% axetonitril/0,1% axit formic trong nudc) va lam kho lanh tr dung dich 4M chira
hydroclorua trong 1,4-dioxan. Tinh ché lai bang RP-HPLC diéu ché (Sunfire C18, 20%
axetonitril/80% 0,02% TFA trong nudc) va lam kho lanh lai tr dung dich 4M chira
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hydroclorua trong 1,4-dioxan thu dugc 19mg (29% theo ly thuyét) hop chét néu & dé

muc nay.
LC-MS (phuong phap 2): R; = 0,56 phut; MS (ESIduong): m/z = 466 (M+H)"

TH-NMR (400 MHz, D;0): & = 8,14 (s, 1H), 7,56 (s, 1H), 7,45 (s, 1H), 7,01 (s, 1H),
4,45 (s, 4H), 4,04 (s, 3H), 3,45-3,32 (m, 4H), 3,18-3,05 (m, 4H), 2,99 (q, 2H), 2,51 (s,
3H), 1,10 (t, 3H) ppm.

Vidu 39

2-({[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-yl]metyl}amino)etanol trihydroclorua

x 3 HCI

Xt ly dung dich chira hop chét trung gian 25A (150mg, 279umol) trong THF
(3ml) bang 2-aminoetanol (84ul, 1,39mmol), natri triaxetoxybohydrua (296mg,
1,39mmol) va axit axetic (32pl, 559pumol). Khudy hdn hop & 60°C trong 2 gid va sau
d6 lam bay hoi. Hoa tan phan cin trong dung dich 4M chua hydroclorua trong 1,4-
dioxan (1,87ml) va khudy & nhiét do trong phong trong 2 gi¢. Sau khi 1am bay hoi, tinh
ché phidn cin biang RP-HPLC diu ché (Reprosil C18, gradient tr 10 dén 95%
axetonitril/0,1% TFA trong nudc). Lam khé lanh tu dung dich 4M chira hydroclorua
trong 1,4-dioxan thu dugc 140mg (80% theo ly thuyét) hop chét néu & d& muc nay.

LC-MS (phuong phap 2): R; = 0,54 phut; MS (ESIduwong): m/z = 482 (M+H)"
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'H-NMR (400 MHz, D;0): 8 = 8,15 (s, 1H), 7,56 (s, 1H), 7,45 (s, 1H), 7,00 (s, 1H),
4,47 (s, 2H), 4,37 (s, 2H), 4,04 (s, 3H), 3,79-3,71 (m, 2H), 3,42-3,34 (m, 4H), 3,19-
3,12 (m, 2H), 3,06-2,97 (m, 4H), 2,51 (s, 3H) ppm.

Quy trinh chung d6i véi cac phan img oxy hoa khtr v&i hop chét trung gian 25A (GP1):

Xt ly dung dich 0,1M chira hop chét trung gian 25A trong THF bing 5 duong
lugng thanh phén amin twong tng, 5 duong lwong natri triaxetoxybohydrua va 2 duong
lwong axit axetic. Khudy hdn hop thu duge & 60°C trong 2 gio va sau d6 lam bay hoi.
Khudy dung dich 0,15M chita phin cin thu dwoc theo cach nay trong dung dich 4M
chtta hydroclorua trong 1,4-dioxan & nhiét do trong phong trong 1 dén 2 gio. Sau khi

lam bay hoi, tinh ché phan cin nhu dugc mé ta dudi day.
Vi du 40

rac-1-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-6-yl|metyl } piperidin-3-ol trihydroclorua

Theo GP1, hop chét trung gian 25A (150mg, 279pumol) dugce cho phan tmg véi
3-hydroxypiperidin (141mg, 1,39mmol). Tinh ché bing RP-HPLC diéu ché (Reprosil
C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc) va lam khé lanh tir
dung dich 4M chtra hydroclorua trong 1,4-dioxan thu dugc 178mg (dinh lugng) hop

chat néu ¢ dé muc nay.

LC-MS (phuong phap 2): R; = 0,54 phut; MS (ESIduong): m/z = 522 (M+H)"
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IH-NMR (400 MHz, D;0): § = 8,16 (s, 1H), 7,55 (s, 1H), 7,45 (s, 1H), 7,01 (s, 1H),
4,66-4,16 (m, SH), 4,04 (s, 3H), 3,55-2,71 (m, 11H), 2,51 (s, 3H), 1,96-1,42 (m, 4H),
1,64-1,50 (m, 1H) ppm.

Vidu 41

1-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-ylJmetyl } piperidin-4-ol trihydroclorua

Theo GP1, hop chét trung gian 25A (150mg, 279pumol) duge cho phan (mg véi
4-hydroxypiperidin (141mg, 1,39mmol). Tinh ché biang RP-HPLC diéu ché (Reprosil
C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc) va lam khé lanh tir
dung dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 162mg (91% theo ly

thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 4): R, = 0,48 phut; MS (ESIduong): m/z = 522 (M+H)"

"H-NMR (400 MHz, D>0): & = 8,16 (s, 1H), 7,58 (br, s, 1H), 7,46 (s, 1H), 7,01 (s, 1H),
4,67-4,48 (m, 4H), 4,04 (s, 4H), 3,59-2,78 (m, 12H), 2,51 (s, 3H), 2,14-1,38 (m, 4H)
ppm.

Viduy 42

rac-1-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-6-yl]metyl} pyrolidin-3-ol trihydroclorua
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Theo GP1, hop chit trung gian 25A (150mg, 279pumol) dugce cho phan g véi
3-hydroxypyrolidin (113pl, 1,39mmol). Tinh ché bang RP-HPLC didu ché (Reprosil
C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc) va lam khd lanh tu
dung dich 4M chira hydroclorua trong 1,4-dioxan thu duoc 148mg (85% theo ly

thuyét) hop chét néu & d& muc nay.
LC-MS (phwong phép 4): R¢ = 0,46 phut; MS (ESIdwong): m/z = 508 (M+H)*

'H-NMR (400 MHz, D,0): & = 8,18 (s, 1H), 7,58 (s, 1H), 7,46 (s, 1H), 7,01 (s, 1H),
4,71-4,30 (m, SH), 4,04 (s, 3H), 3,70-2,95 (m, 12H), 2,51 (s, 3H), 2,32-2,14 (m, 1H),
2,03-1,87 (m, 1H) ppm.

Viduy 43

6-[(Dietylamino)metyl]-5-(7-metoxy-5-metyl-1 -benzothiophen-2-yl)-7-(piperazin-1-yl-
metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

x 3 HCI
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Theo GP1, hop chét trung gian 25A (150mg, 279umol) dugc cho phan tng véi
dietylamin (144ul, 1,39mmol). Tinh ché bing RP-HPLC didu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/ 0,1% TFA trong nuéc) va lam khé lanh tir dung
dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 127mg (69% theo ly thuyét) hop

chét néu ¢ d& muc nay.
LC-MS (phuong phap 2): R; = 0,55 phuat; MS (ESIduong): m/z = 494 (M+H)*

'H-NMR (400 MHz, D;0): & = 8,19 (s, 1H), 7,61 (s, 1H), 7,47 (s, 1H), 7,01 (s, 1H),
4,59 (s, 2H), 4,51 (s, 2H), 4,04 (s, 3H), 3,47-3,35 (m, 4H), 3,29-3,00 (m, 8H), 2,51 (s,
3H), 1,07 (t, 6H) ppm.

Vi du 44

6-[(Xyclobutylamino)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-
1-yimetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

Theo GP1, hop chét trung gian 25A (150mg, 279pumol) dwoc cho phan (mg véi
xyclobutylamin (119ul, 1,39mmol). Tinh ché bing RP-HPLC diéu ché (Reprosil C18,
gradient tr 10 dén 95% axetonitril/0,1% TFA trong nuwdc) va lam khd lanh tir dung
dich 4M chira hydroclorua trong 1,4-dioxan thu dugce 127mg (72% theo 1y thuyét) hop

chét néu ¢ d€ muc nay.

LC-MS (phuong phap 2): R: = 0,58 phut; MS (ESIduong): m/z =492 (M+H)*
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'H-NMR (400 MHz, D,0): § = 8,16 (s, 1H), 7,59 (s, 1H), 7,47 (s, 1H), 7,00 (s, 1H),
4,40 (s, 2H), 4,37 (s, 2H), 4,04 (s, 3H), 3,69-3,58 (m, 1H), 3,44-3,33 (m, 4H), 3,21-
3,12 (m, 4H), 2,51 (s, 3H), 2,02-1,87 (m, 4H), 1,81-1,62 (m, 2H) ppm.

Vi du 45

5-(7-Metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-6-(pyrolidin-1-yl-
metyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

Theo GP1, hop chét trung gian 25A (150mg, 279umol) duge cho phan tng véi
pyrolidin (116ul, 1,39mmol). Tinh ché bing RP-HPLC didu ché (Reprosil Cl8,
gradient tir 10 dén 95% axetonitril/ 0,1% TFA trong nudc) va lam khd lanh tir dung
dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 112mg (64% theo ly thuyét) hop

chét néu ¢ d& muc nay.
LC-MS (phuong phap 2): R¢= 0,54 phut; MS (ESIduong): m/z =492 (M+H)"

'H-NMR (400 MHz, D;0): § = 8,19 (s, 1H), 7,60 (s, 1H), 7,46 (s, 1H), 7,01 (s, 1H),
4,70-4,61 (m, 4H), 4,04 (s, 3H), 3,55-3,40 (m, 6H), 3,35-3,26 (m, 4H), 3,02-2,87 (m,
2H), 2,51 (s, 3H), 1,97-1,83 (m, 4H) ppm.

Vidu 46

6-[(Xyclopropylamino)metyl]-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-
(piperazin-1-ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua
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Theo GP1, hop chét trung gian 25A (200mg, 372umol) duge cho phan ng véi
xyclopropylamin (129ul, 1,86mmol). Tinh ché bing RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc) va lam khd lanh tir dung
dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 140mg (62% theo ly thuyét) hop

chét néu & dé muyc nay.
LC-MS (phuong phap 5): Ri = 1,42 phut; MS (ESIduong): m/z =478 (M+H)"

TH-NMR (400 MHz, D;0): § = 8,16 (s, 1H), 7,56 (s, 1H), 7,46 (s, 1H), 7,01 (s, 1H),
4,57 (s, 2H), 4,47 (s, 2H), 4,04 (s, 3H), 3,46-3,34 (m, 4H), 3,19-3,07 (m, 4H), 2,61-
2,54 (m, 1H), 2,51 (s, 3H), 0,75-0,64 (m, 4H) ppm.

Vidu 47

6-{[(Xyclopropylmetyl)amino]metyl}-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-
(piperazin-1-ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

-168-



20601

Theo GP1, hop chét trung gian 25A (200mg, 372umol) duge cho phan tng véi
xyclopropylmetylamin (161pl, 1,86mmol). Tinh ché biang RP-HPLC diéu ché
(Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nuéc) va lam khd
lanh tir dung dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 163mg (69% theo
Iy thuyét) hop chét néu ¢ dé muc nay.

LC-MS (phuong phap 2): Ry = 0,60 phut; MS (ESIdwong): m/z = 492 (M+H)"

IH-NMR (400 MHz, D;0): & = 8,14 (s, 1H), 7,57 (s, 1H), 7,45 (s, 1H), 7,00 (s, 1H),
4,50 (s, 2H), 4,44 (s, 2H), 4,04 (s, 3H), 3,42-3,34 (m, 4H), 3,16-3,07 (m, 4H), 2,86 (d,
2H), 2,50 (s, 3H), 0,89-0,76 (m, 1H), 0,55-0,45 (m, 2H), 0,23-0,14 (m, 2H) ppm.

Vidu48

N-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-yl]metyl} glyxin trihydroclorua

Xt 1y dung dich chira hop chét trung gian 25A (161mg, 300umol) trong THF
(3,2ml) bang axit 2-aminoaxetic (112mg, 1,5mmol), natri triaxetoxybohydrua (317mg,
1,5mmol) va axit axetic (34pl, 600pmol). Khudy hdn hgp thu duge & 60°C trong 2 gid
va sau d6 1am bay hoi. Tinh ché phdn cin bing RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc). Hoa tan san phim thu duoc
theo cach nay trong dung dich 4M chira hydroclorua trong 1,4-dioxan (2ml) va khudy &
nhiét d6 trong phong trong 1 gio. Sau khi lam bay hoi, tinh ché phin cin bing RP-
HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong
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nudc). Lam kho lanh tiép theo tir dung dich 4M chira hydroclorua trong 1,4-dioxan thu
duge 18mg (9% theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R = 0,63 phat; MS (ESIduong): m/z =496 (M+H)*

"TH-NMR (400 MHz, D,0): & = 8,14 (s, 1H), 7,54 (s, 1H), 7,45 (s, 1H), 6,99 (s, 1H),
4,42 (s, 2H), 4,36 (s, 2H), 4,03 (s, 3H), 3,64 (s, 2H), 3,42-3,33 (m, 4H), 3,07-2,96 (m,
4H), 2,50 (s, 3H) ppm.

Vidu 49

4-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-ylJmetyl } piperazin-2-on trihydroclorua

Khudy dung dich chira hgp chét trung gian 27A (220mg, 354pumol) trong dung
dich 4M hydro clorua trong 1,4-dioxan (2ml) ¢ nhiét do trong phong trong 2 gio. Sau
d6, 1am bay hoi hdn hop thu dugc 235mg san phim thd, san phadm nay duge st dung

trong budc tiép theo ma khong cén tinh ché thém.
LC-MS (phuong phap 4): R = 0,60 phut; MS (ESIduong): m/z = 521 (M+H)".
Vi du 50

[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(morpholin-4-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-yl]metanol
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Khudy dung dich chira hop chét trung gian 20A (500mg, do tinh khiét 87%,
1,28mmol) va 4-metylenmorpholin-4-ium clorua (347mg, 2,56mmol) trong DMF
(28ml) & 70°C trong 1,5 gid. Pha loAng hdn hop bang etyl axetat va rira bing dung dich
nudc natri hydrocacbonat bao hoa va dung dich nudc natri clorua bao hoa. Lam khd
16p hiru co bing magie sulfat va lam bay hoi dudi ap sult giam thu duge 710mg (dd

tinh khiét 78%, 99% theo 1y thuyét) hop chat ndu & d& muc nay.
LC-MS (phuong phap 2): Ri= 0,65 phut; MS (ESIdwong): m/z =440 (M+H)".
Vidu 51

(35)-3-({[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(morpholin-4-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-ylJmetyl }amino)pyrolidin-2-on

Xt 1y dung dich chira hop chét trung gian 33A (65mg, 149umol) trong metanol
(2ml) bing (3S)-3-aminopyrolidin-2-on (45mg, 446pmol), natri xyanobohydrua (47mg,
743pumol) va axit axetic (26ul, 446pumol). Sau khi khudy & 60°C trong 16 gid, tach hén
hop thu dwoc bing RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40%
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axetonitril/0,2% TFA trong nudc). Hoa tan san phim thu dugc theo cich nay trong
metanol va loc qua cot trao ddi anion (Stratospheres SPE, PL-HCO3; MP-nhya). Rua
giai cOt bing metanol, va dich loc dugc lam bay hoi thu dugc 49mg (63% theo ly

thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 2): R;= 0,71 phut; MS (ESIduong): m/z = 522 (M+H)"

'H-NMR (400 MHz, DMSO-d): & = 7,96 (s, 1H), 7,66 (s, 1H), 7,5-8,1 (br, s, 1H),
7,44 (s, 1H), 7,31 (s, 1H), 6,84 (s, 1H), 5,4-6,0 (br, s, 1H), 3,95 (s, 3H), 3,91 (s, 2H),
3,75 (d, 2H), 3,50-3,66 (m, 4H), 3,06-3,19 (m, 3H), 2,94-3,05 (m, 1H), 2,61 (t, 1H),
2,45 (t, 3H), 2,38-2,44 (m, 4H), 1,89-1,99 (m, 1H), 1,49-1,60 (m, 1H) ppm.

Vidu 52

4-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(morpholin-4-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-ylJmetyl } piperazin-2-on

Xt ly dung dich chira hop chét trung gian 33A (65mg, 149pmol) trong metanol
(2ml) bing 2-oxopiperazin (45mg, 446pmol), natri Xyanobohydrua (47mg, 743umol)
va axit axetic (26pl, 446pmol). Sau khi khudy & 60°C trong 16 gid, tach hdn hop thu
dugc bing RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40% axetonitril/0,2%
TFA trong nudc). Hoa tan san pham thu dugc theo cach nay trong metanol va loc qua
cOt trao dbi anion (Stratospheres SPE, PL-HCOs MP-nhya). Rira giai cot bang
metanol, va dich loc duge lam bay hoi thu duge 41mg (53% theo 1y thuyét) hop chét

néu ¢ dé€ muc nay.
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LC-MS (phuong phap 2): R; = 0,70 phut; MS (ESIduong): m/z = 522 (M+H)*

'H-NMR (400 MHz, DMSO-de): & = 7,97 (s, 1H), 7,67 (br, s, 1H), 7,55-8,05 (br, s,
1H), 7,38 (s, 1H), 7,30 (s, 1H), 6,84 (s, 1H), 5,29-5,88 (br, s, 1H), 3,95 (s, 3H), 3,92 (s,
2H), 3,58 (s, 2H), 3,51-3,56 (m, 4H), 3,00-3,06 (m, 2H), 2,85 (s, 2H), 2,45 (s, 3H),
2,43-2,48 (m, SH) ppm.

Vidu 53

rac-1-({[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(morpholin-4-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-yl]metyl } amino)propan-2-ol

Xt Iy dung dich chira hop chét trung gian 33A (64mg, 146pmol) trong metanol
(2ml) bing rac-1-aminopropan-2-ol (33mg, 439umol), natri xyanobohydrua (46mg,
731pmol) va axit axetic (25ul, 439umol). Sau khi khudy & 60°C trong 16 gid, tich hdn
hop thu dugc bing RP-HPLC didu ché (Reprosil C18, gradient tir 20 dén 40%
axetonitril/0,2% TFA trong nudc). Hoa tan san phdm thu dugc theo cach nay trong
metanol va loc qua cot trao d6i anion (Stratospheres SPE, PL-HCO3; MP-nhua). Rura
giai ¢t bang metanol, va dich loc duge 1am bay hoi thu dugc 42mg (57% theo ly

thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 5): R¢= 1,63 phut; MS (ESIduong): m/z =497 (M+H)"

TH-NMR (400 MHz, DMSO-d¢): 8 = 7,96 (s, 1H), 7,47-7,92 (br, s, 1H), 7,39 (s, 1H),
7,30 (s, 1H), 6,84 (s, 1H), 5,36-5,92 (br, s, 1H), 4,36 (d, 1H), 3,95 (s, 3H), 3,90 (s, 2H),
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3,64-3,75 (m, 2H), 3,49-3,61 (m, SH), 2,45 (s, 3H), 2,39-2,47 (m, 4H), 2,31-2,38 (m,
2H), 0,97 (d, 3H) ppm.

Vidu 54

1-({[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(morpholin-4-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-6-yl]metyl} amino)-2-metylpropan-2-ol

X ly dung dich chira hop chét trung gian 33A (80mg, 183pmol) trong metanol
(2ml) bang 1-amino-2-metylpropan-2-ol (34mg, 274pmol), natri xyanobohydrua
(57mg, 914umol) va axit axetic (21ul, 366umol). Sau khi khudy & 60°C trong 16 gid,
thch hdn hop thu dugc bing RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40%
axetonitril/0,2% TFA trong nudc). Hoa tan san phdm thu dugc theo cach ndy trong
metanol va loc qua cOt trao ddi anion (Stratospheres SPE, PL-HCO3 MP-nhya). Rira
giai cot bang metanol, va dich loc duge 1am bay hoi thu duoc 29mg (31% theo ly

thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 2): Ry = 0,65 phut; MS (ESIduong): m/z =511 (M+H)"

IH-NMR (400 MHz, DMSO-ds): & = 7,96 (s, 1H), 7,50-8,02 (br, s, 1H), 7,42 (s, 1H),
7,28 (s, 1H), 6,84 (s, 1H), 5,4-6,0 (br, s, 1H), 4,11 (s, 1H), 3,95 (s, 3H), 3,90 (s, 2H),
3,70 (d, 2H), 3,51-3,58 (m, 4H), 2,45 (s, 3H), 2,39-2,46 (m, 4H), 2,33 (d, 2H), 1,83-
1,92 (m, 1H), 1,03 (s, 6H) ppm.
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Vidu 55

1-(4-{[4-Amino-6-(hydroxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo-
[2,1-f][1,2,4]triazin-7-yl]metyl}piperazin-1-yl)etanon

Xt 1y dung dich chira hop chit trung gian 20A (345mg, 1,01mmol) trong axit
axetic (5ml) biang 37% dung dich nuéc formaldehyt (91ul, 1,22mmol) va 1-
axetylpiperazin (160mg, 1,22mmol). Khuy hdn hop & 60°C trong 6 gid va sau d6 lam
bay hoi. Hoa tan phin cin trong hdn hop gdm THF/IM dung dich nudec lithi hydroxit
(1:1, 10ml) va khudy & nhiét d9 trong phong trong 2 gid. Sau d6, hdn hop dugc gdp
chung véi hdn hop phan ng ctia mé thir nghiém 100mg, va thém dung dich nudc
amoni clorua bdo hoa vao. Chiét hdn hop bing etyl axetat, va rira pha hiru co bing
dung dich nudc natri clorua bao hoa, lam khé trén magie sulfat va lam bay hoi duoi ap
suét giam thu dugc 678mg (d tinh khiét 87%, 94% theo Iy thuyét) hop chit néu & dé

muc nay.
LC-MS (phuong phap 2): R;= 0,71 phut; MS (ESIduong): m/z =481 (M+H)".
Vidu 56

(3R)-3-[({7-[(4-Axetylpiperazin-1-yl)metyl]-4-amino-5-(7-metoxy-5-metyl-1-
benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-6-yl} metyl)amino]pyrolidin-2-on
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Xtr 1y dung dich chira hop chét trung gian 31A (80mg, 167pumol) trong metanol
(1,4ml) bang (3R)-3-aminopyrolidin-2-on (21mg, 251pmol), natri xyanobohydrua
(52mg, 836umol) va axit axetic (19ul, 334pumol). Sau khi khudy & 60°C trong 16 gio,
tach hdn hop thu duoc bing RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40%
axetonitril/0,2% TFA trong nuéc). Hoa tan san phdm thu dugc theo cach nay trong
metanol va loc qua cdt trao d6i anion (Stratospheres SPE, PL-HCO3 MP-nhya). Rira
giai cot bang metanol, va dich loc duoc 1am bay hoi thu duoc 46mg (49% theo ly

thuyét) hop chit néu & d& muc nay.
LC-MS (phuong phap 2): Rt = 0,70 phut; MS (ESIduong): m/z =563 (M+H)"

'H-NMR (400 MHz, DMSO-de): & = 8,42 (s, 1H), 8,05 (s, 1H), 7,93-8,24 (br, s, 1H),
7,51 (s, 1H), 7,34 (s, 1H), 6,88 (s, 1H), 5,75-6,07 (br, s, 1H), 4,21-4,37 (m, 2H), 4,19
(s, 2H), 4,10 (t, 1H), 3,96 (s, 3H), 3,56-3,66 (m, 2H), 3,44-3,54 (m, 4H), 3,11-3,27 (m,
4H), 2,47 (s, 4H), 2,16-2,25 (m, 1H), 2,00 (s, 3H), 1,86-1,95 (m, 1H) ppm.

Vidy 57

1-(4-{[4-Amino-6-{[(2-hydroxy-2-metylpropyl)amino]metyl}-5-(7-metoxy-5-metyl-1-
benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-7-yl]metyl} piperazin-1-yl)etanon
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Xtr Iy dung dich chira hop chét trung gian 31A (80mg, 183umol) trong metanol
(2ml) bing 1-amino-2-metylpropan-2-ol (31mg, 25lpmol), natri xyanobohydrua
(53mg, 836pumol) va axit axetic (19ul, 334pmol). Sau khi khudy & 60°C trong 16 gio,
tach hén hop thu duoc bing RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40%
axetonitril/0,2% TFA trong nudc). Hoa tan san phim thu dugc theo cach nay trong
metanol va loc qua ct trao ddi anion (Stratospheres SPE, PL-HCOs; MP-nhya). Rira
giai cot bang metanol, va dich loc dugc 1am bay hoi thu duge 29mg (31% theo ly

thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 2): R¢ = 0,71 phat; MS (ESIduong): m/z =552 (M+H)"

"H-NMR (400 MHz, DMSO-d¢): 8 = 7,96 (s, 1H), 7,59-8,02 (br, s, 1H), 7,42 (s, 1H),
7,28 (s, 1H), 6,84 (s, 1H), 5,45-5,93 (br, s, 1H), 4,13 (br, s, 1H), 3,95 (s, 3H), 3,93 (s,
2H), 3,71 (s, 2H), 3,37-3,44 (m, 4H), 2,45 (s, 3H), 2,32-2,43 (m, 6H), 1,97 (s, 3H),
1,03 (s, 6H) ppm.

Vidu 58

4-({4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-6-[(3-oxopiperazin-1-yl)-
metyl]pyrolo[2,1-f][1,2,4]triazin-7-yl }metyl)piperazin-1-carbaldehyt formiat

-177-



x HCOOH

Khudy anhydrit clia axit axetic (498ul, 5,17mmol) va axit formic (237pul,
6,28mmol) diu tién 2 gid & 50°C va sau d6 qua dém & nhiét do trong phong. Tiép theo,
pha loang hdn hop bang diclometan (5,1ml), va thém 1,16ml dung dich nay vao dung
dich chira hop chit ciia vi du 49 (233mg, 370umol) trong pyridin (89ul). Sau khi
khudy & nhiét do trong phong trong 2 gid, pha loang hdn hgp bing metanol va sau d6
1am bay hoi. Tinh ché phin can bang RP-HPLC diéu ché (Reprosil C18, gradient tir 10
dén 95% axetonitril/0,1% axit formic trong nudc) thu duge 77mg (35% theo 1y thuyét)

hop chit néu & d& muc nay.
LC-MS (phuong phap 4): R; = 0,62 phut; MS (ESIduong): m/z = 549 (M+H)"

'H-NMR (400 MHz, DMSO-ds): khong ké cac yéu té khac & = 8,14 (s, 1H), 7,97 (s,
2H), 7,67 (s, 1H), 7,38 (s, 1H), 7,30 (s, 1H), 6,84 (s, 1H), 3,96 (s, 2H), 3,95 (s, 3H),
3,58 (s, 2H), 3,04 (br, t, 2H), 2,86 (s, 2H), 2,45 (s, 3H), 2,42 (br, t, 2H) ppm.

Viduy 59
4-({7-[(4-Axetylpiperazin-1-yl)metyl]-4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-
2-yl)pyrolo[2,1-f][1,2,4]triazin-6-yl} metyl)piperazin-2-on
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Xt 1y huyén phu chira hop chdt cia vi du 49 (310mg, 522pmol) trong
diclometan/THF (2,5:1, 9,64ml) béng natri cacbonat (442mg, 4,17mmol) va khqu o
nhiét do trong phong trong 30 phut. Thém axetyl clorua (74ul, 1,04mmmol) vao va
khudy hdn hop thu dugc & nhiét d6 trong phong trong 2 gio. Sau khi dap tit phan tng
bang metanol, 1am bay hoi hén hop, va tinh ché phan cin bing RP-HPLC diéu ché
(Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nuéc) thu
dwoc 133mg (45% theo 1y thuyét) hop chét néu & @& muc nay.

LC-MS (phuong phap 2): R¢= 0,69 phut; MS (ESIduong): m/z = 563 (M+H)"

'H-NMR (400 MHz, metanol-ds): & = 7,89 (s, 1H), 7,30 (s, 1H), 7,28 (s, 1H), 6,79 (s,
1H), 4,13 (s, 2H), 3,98 (s, 3H), 3,74 (s, 2H), 3,59 (t, 2H), 3,54 (1, 2H), 3,18 (t, 2H),
3,02 (s, 2H), 2,68-2,55 (m, 6H), 2,48 (s, 3H), 2,08 (s, 3H) ppm.

Vidu 60

Metyl 4-amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylcacbonyl)pyrolo[2,1-f][1,2,4]triazin-6-carboxylat bis(formiat)

k\N/N / x 2 HCOOH

/\\
0 \\/NH

Thém (trimetylsilyl)diazometan (dung dich 2M trong hexan, 15pl, 32umol) vao
dung dich chira hop chét trung gian 28A (15mg, 26pumol) trong hdn hgp THF/metanol
(5:1, 180ul), 1am lanh dén 0°C. Lam 4m mt cach tir tir hdn hop thu duge dén nhiét dd
trong phong trong 30 phat va sau d6 lam bay hoi. Hoa tan phan cin trong dung dich
4M chtra hydroclorua trong 1,4-dioxan (0,5ml) va khudy & nhiét do trong phong trong
1 gid. Sau khi 1am bay hoi, tinh ché phan cin bing RP-HPLC diéu ché (Reprosil C18,
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gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nudc) thu dugce 4,8mg (35%

theo 1y thuyét) hop chit néu & d& myc nay.
LC-MS (phuong phap 2): R = 0,66 phit; MS (ESIduong): m/z = 481 (M+H)*

'H-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac & = 8,17 (s, 2H), 8,38-8,23
(br, s, 1H), 8,04 (s, 1H), 7,43 (s, 1H), 7,31 (s, 1H), 6,86 (s, 1H), 5,71-5,58 (br, s, 1H),
3,96 (s, 3H), 3,60 (s, 3H, chdng 1én dinh nudc), 2,46 (s, 3H) ppm.

Vidu 61

5-(7-Metoxy-5-metyl-1-benzothiophen-2-yl)-6-(1,3-oxazol-5-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

x 3 HCI

Xt 1y dung dich chira hop chét trung gian 25A (100mg, 0,19mmol) trong
metanol (3,33ml) bang (4-toluensulfonyl)metylisoxyanua (36mg, 0,19mmol) va Kali
cacbonat (25mg, 186pumol). Pun hdi luu hdn hop trong 6 gid. Sau d6, hdn hgp phan
{mg dugc gop chung véi cac hdn hop phén ung tir ba mé thir nghiém 30mg va lam bay
hoi. Hoa tan phin cin trong dung dich 4M chira hydroclorua trong 1,4-dioxan (10ml)
va khudy & nhiét d trong phong trong 2 gio. Sau khi 1am bay hoi, tinh ché phan cn
bing RP-HPLC diéu ché hai 1in (Reprosil C18, gradient t& 10 dn 95%
axetonitril/0,1% TFA trong nudc). Tinh ché tiép bing sic ky cdt trén silicagel
(diclometan/metanol 5:1 vdi 0,5% amoniac trong nudc) va lam kho lanh tir dung dich
4M chtra hydroclorua trong 1,4-dioxan thu dugc 75mg (34% theo ly thuyét) hop chét

néu ¢ dé muc nay.
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LC-MS (phuong phap 4): R¢ = 0,69 phut; MS (ESIduong): m/z =476 (M+H)"

'H-NMR (400 MHz, DMSO-ds): khong ké cac yéu td khac & = 8,40 (s, 1H), 8,20 (s,
1H), 7,46 (s, 1H), 7,35 (s, 1H), 6,96 (s, 1H), 6,89 (s, 1H), 3,95 (s, 3H), 2,46 (s, 3H)
ppm.

Vidu 62

6-(Aminometyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)-
pyrolo[2,1-f][1,2,4]triazin-4-amin trihydroclorua

Khu4y huyén phu chira hop chit trung gian 29A (76mg, 134pumol) va 10% Pd/C
(60mg) trong dung dich 0,5M chira hydroclorua trong metanol (20ml) ¢ nhiét do trong
phong trong 3 gid trong latm hydro. Sau d6, loc hdn hop qua dt tao cat, dich loc dugc
lam bay hoi, va tinh ché phén c3n bang RP-HPLC diéu ché (Reprosil C18, gradient tir
10 dén 95% axetonitril/0,1% TFA trong nudc). Lam kho lanh san phdm thu dwoc theo
cach nay tr dung dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 34mg (46%
theo 1y thuyét) hop chét néu & dé muc nay.

LC-MS (phuong phap 2): R; = 0,55 phat; MS (ESIduong): m/z = 438 (M+H)"

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu té khac & = 8,24 (br, s, 3H), 8,12 (s,
1H), 7,52 (s, 1H), 7,34 (s, 1H), 6,89 (s, 1H), 3,96 (s, 3H), 3,76-3,63 (m, 1H), 3,52-3,42
(m, 1H), 2,47 (s, 3H) ppm.
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Vi du 63

N-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-ylJmetyl }axetamit bis(trifloaxetat)

x2 CF,COOH

Xt 1y dung dich chira hop chit trung gian 30A (210mg, 362pmol) trong
diclometan (26ml) bang axit trifloaxetic (5,2ml) va khudy & nhiét d6 trong phong trong
1 gio. Sau khi 1am bay hoi & nhiét d trong phong, tinh ché phan cin bing RP-HPLC
didu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nuéc) thu
dugc 163mg (63% theo 1y thuyét) hop chit néu & dé muc nay.

LC-MS (phuong phép 3): R; = 2,42 phat; MS (ESIduong): m/z = 480 (M+H)*

'H-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac & = 9.00-8,75 (br, s, 1H),
8,30-8,16 (br, s, 1H), 8,08 (s, 1H), 7,38 (s, 1H), 7,33 (s, 1H), 6,87 (s, 1H), 4,32 (br, d,
2H), 3,96 (s, 3H), 3,40-2,98 (m, 8H), 2,46 (s, 3H), 1,77 (s, 3H) ppm.

Vi du 64

N-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-
ylmetyl)pyrolo[2,1-f][1,2,4]triazin-6-ylJmetyl } axetamit dihydroclorua
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Khudy dung dich chita hop chét trung gian 30A (80mg, 0,14mmol) trong
diclometan (10ml) va axit trifloaxetic (2ml) & nhiét d0 trong phong trong 1 gio va sau
d6 1am bay hoi. Tinh ché bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén
95% axetonitril/0,1% axit formic trong nudc) va lam khé lanh tir hdn hop gdm metanol
va dung dich 4M chira hydroclorua trong 1,4-dioxan thu dugc 39mg (50% theo ly
thuyét) hop chit néu & dé muc nay.

L.C-MS (phwong phép 5): R = 1,56 phut; MS (ESIdwong): m/z = 480 (M+H)*

'H-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac § = 8,12 (s, 1H), 7,38 (s,
1H), 7,33 (s, 1H), 6,87 (s, 1H), 4,37 (br, d, 2H), 3,96 (s, 3H), 3,85-3,20 (m, 8H, chong
1én dinh nuoc), 2,46 (s, 3H), 1,76 (s, 3H) ppm.

Vi du 65

N-({4-Amino-7-[(4-formylpiperazin-1-yl)metyl]-5-(7-metoxy-5-metyl-1-
benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-6-yl} metyl)axetamit formiat

Khudy anhydrit cla axit axetic (304ul, 3,16mmol) va axit formic (145ul,
3,16mmol) ddu tién 2 gid & 50°C va sau d6 qua dém 0 nhiét do trong phong. Tiép theo,
pha lodng hdn hop bing diclometan (3,1ml), va thém 663ul dung dich nay vao dung
dich chita hop chét cta vi du 63 (160mg, 226pmol) trong pyridin (54ul). Khuiy hdn
hop & nhiét d9 trong phong trong 2 gid, sau do pha loang bing metanol (1ml), va tiép
tuc khudy & 40°C trong 2 gio nita. Sau khi 1am bay hoi, tinh ché phan cin bang RP-
HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic
trong nudc) thu dugc 74mg (61% theo ly thuyét) hop chit néu & d& muc nay.
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LC-MS (phuong phap 4): R; = 0,65 phat; MS (ESIduong): m/z =508 (M+H)*

'H-NMR (400 MHz, DMSO-d): & = 8,13 (s, 1H), 8,06-7,89 (m, 3H), 7,38 (s, 1H),
7,31 (s, 1H), 6,85 (s, 1H), 4,28 (d, 2H), 4,01-3,88 (m, 5H), 2,47-2,34 (m, 7H), 1,75 (s,
3H) ppm.

Vi du 66

N-({7-[(4-Axetylpiperazin-1-yl)metyl]-4-amino-5-(7-metoxy-5-metyl-1-
benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-6-yl} metyl)axetamit

Xt 1y dung dich chira hop chét ciia vi du 63 (110mg, 229pumol) va axetyl clorua
(32ul, 458umol) trong THF/ diclometan (1:2, 3ml) bang natri cacbonat (194mg,
1,83mmol) va khudy & nhiét do trong phong qua dém. Sau do, pha loang hdn hop bing
metanol (2ml) va nudc (1ml) va khudy & nhiét do trong phong trong 1 gic. Sau khi lam
bay hoi, tinh ché phin cin bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén
95% axetonitril/0,1% axit formic trong nudc). Lam kho lanh tir 1,4-dioxan va tinh ché
lai bang sic ky cdt trén silicagel (diclometan/metanol 50:1 — 100% metanol) thu dugc

35mg (28% theo Iy thuyét) hop chét néu & d& muc nay.
LC-MS (phuong phap 2): R¢ = 0,70 phat; MS (ESIdwong): m/z = 522 (M+H)"

'H-NMR (400 MHz, DMSO-de): & = 8,04-7,98 (m, 2H), 7,38 (s, 1H), 7,31 (s, 1H),
6,85 (s, 1H), 4,27 (d, 2H), 3,95 (s, 3H), 3,91 (s, 2H), 3,44-3,36 (m, 4H), 2,48-2,35 (m,
7H), 1,98 (s, 3H), 1,75 (s, 3H) ppm.
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Vi du 67

N-({4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-[(3-oxopiperazin-1-
yl)metyl]pyrolo[2,1-f][1,2,4]triazin-6-y]l } metyl)axetamit

X Iy huyén phu chira hop chit trung gian 32A (35mg, 73umol) trong metanol
(4,1ml) bang axetic anhydrit (13ul, 146umol) va 10% Pd/C (41mg) va khudy & nhiét
do trong phong trong 1 gio trong latm hydro. Loc qua dit tio cat va 1am bay hoi phéan
dich loc thu dugc 30mg (79% theo 1y thuyét) hop chit néu & & muc nay.

LC-MS (phuong phap 5): R = 1,65 phat; MS (ESIdwong): m/z = 494 (M+H)*

'"H-NMR (400 MHz, DMSO-ds): 8 = 7,99 (s, 2H), 7,75 (br, s, 1H), 7,39 (s, 1H), 7,31
(s, 1H), 6,85 (s, 1H), 4,27 (s, 1H), 4,26 (s, 1H), 3,95 (s, 5SH), 3,19-3,08 (m, 2H), 3,05-
2,96 (m, 2H), 2,66-2,57 (m, 2H), 2,45 (s, 3H), 1,72 (s, 3H) ppm.

Vidu 68

4-Amino-6-(hydroxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f]-

[1,2,4]triazin-7-carbonitril
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Xt 1y dung dich chira hop chit trung gian 38A (lg, 2,08mmol) trong THF
(10ml) bang dung dich 1M chira tetra-n-butylamoni florua trong THF (12ml, 12mmol).
Khudy hén hop & nhiét d6 trong phong qua dém va sau do6 lam bay hoi. Phin cin dugc
hip thy trong nudc va chiét ba lin bang etyl axetat. Lam khé cac pha hiru co gom lai
trén magie sulfat va 1am bay hoi. Nghién phan con lai trong fert-butyl metyl ete, va loc

14y chét rén thu duoc 680mg (78% theo 1y thuyét) hop chit néu & & muyc nay.

LC-MS (phuong phap 2): R; = 0,95 phut; MS (ESIdwong): m/z = 366 (M+H)*
'H-NMR (400 MHz, DMSO-d¢): & = 8,61-8,29 (br, s, 1H), 8,18 (s, 1H), 7,43 (s, 1H),
7,32 (s, 1H), 6,87 (s, 1H), 6,32-6,03 (br, s, 1H), 5,46 (t, 1H), 4,55 (d, 2H), 3,96 (s, 3H),
2,45 (s, 3H) ppm.

Vi du 69
4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f]-

[1,2,4]triazin-7-carbonitril

Xt ly dung dich chira hgp chét cia vi du 68 (60mg, 164pumol) trong diclometan
(5ml) bang thionyl clorua (18pl, 246umol). Khudy hdn hop & nhiét do trong phong
trong 15 phut va sau d6 lam bay hoi. Hoa tan phan cin trong metanol (2ml) va xi ly
bang DIPEA (57ul, 328umol). Pau tién khudy hén hop 2 gid & 60°C, sau d6 dun hdi
Ivu qua dém va cudi cliing gia nhiét dén 150°C trong 30 phiit trong thiét b vi song. Sau
thoi gian ndy, lam bay hoi hdn hop, va tinh ché phin cin bing RP-HPLC diéu ché
(Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc). Hoa tan san

phdm thu dugc theo cach ndy trong metanol va loc qua cdt trao dbi anion
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(Stratospheres SPE, PL-HCO3; MP-nhya). Rira giai ¢t bang metanol, va dich loc dugc
1am bay hoi thu dugc 18mg (28% theo ly thuyét) hop chit néu & dé muc nay.

LC-MS (phuong phap 4): R¢ = 1,12 phut; MS (ESIdwong): m/z = 379 (M+H)*

TH-NMR (400 MHz, DMSO-d¢): & = 8,61-8,40 (br, s, 1H), 8,21 (s, 1H), 7,42 (s, 1H),
7,33 (s, 1H), 6,87 (s, 1H), 6,34-6,09 (br, s, 1H), 4,47 (s, 2H), 3,96 (s, 3H), 3,26 (s, 3H),
2,45 (s, 3H) ppm.

Vidu 70

4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-carbonitril

Xt 1y dung dich chira hop chét cta vi du 68 (60mg, 164umol) trong diclometan
(5ml) bing thionyl clorua (18ul, 246pumol). Khudy hdn hop & nhiét do trong phong
trong 15 phut va sau d6 lam bay hoi. Hoa tan phdn cin trong etanol (2ml) va xit Iy
biang DIPEA (57pl, 328pumol). Khudy hdn hop & 60°C qua dém va sau d6 gia nhiét dén
150°C trong 30 phut trong thiét bi vi song. Sau thoi gian nay, 1am bay hoi hén hop, va
tinh ché phan cin bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95%
axetonitril/0,1% TFA trong nuéc). Hoa tan san phim thu dugc theo cach ndy trong
etanol (2ml) va lai gia nhiét dén 150°C trong 30 phit trong 10 vi séng. Thém DIPEA
(57ul, 328umol) vao va tiép tuc gia nhiét dén 150°C trong 10 vi song trong 30 phit
nita. Sau khi 1am bay hoi, tinh ché phan cin bing sic ky cot trén silicagel (diclometan/

metanol 95:5) thu duge 16mg (23% theo ly thuyét) hop chét néu & dé muc nay.
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LC-MS (phuong phap 2): R = 1,18 phut; MS (ESIduong): m/z = 393 (M+H)"

'H-NMR (400 MHz, DMSO-dg): & = 8,61-8,38 (br, s, 1H), 8,20 (s, 1H), 7,42 (s, 1H),
7,33 (s, 1H), 6,87 (s, 1H), 6,33-6,08 (br, s, 1H), 4,51 (s, 2H), 3,96 (s, 3H), 3,45 (q, 2H),
2,45 (s, 3H), 1,10 (t, 3H) ppm.

Vidu 71

4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-6-[(3-oxopiperazin-1-yl)metyl]-
pyrolo[2,1-f][1,2,4]triazin-7-carbonitril

Xt ly dung dich chira hop chéit trung gian 39A (20mg, 55umol) trong THF
(0,73ml) bing axit axetic (6pl, 110umol), 2-oxopiperazin (27mg, 275umol) va natri
triaxetoxybohydrua (58mg, 275umol). Sau khi khudy & nhiét do trong phong trong 3
gio, thém tiép luong khac THF (1ml), axit axetic (6pl, 110pmol), 2-oxopiperazin
(27mg, 275umol) va natri triaxetoxybohydrua (58mg, 275pmol) va tiép tuc khudy &
nhiét do trong phong qua dém. Sau khi 1am bay hoi, tinh ché phan cin bang RP-HPLC
didu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% TFA trong nudc).
Hoa tan san phim thu dugc theo cach ndy trong metanol va loc qua ct trao dbi anion
(Stratospheres SPE, PL-HCO3; MP-nhya). Rira gii cot bang metanol, va dich loc dugc
1am bay hoi thu dugc 13mg (52% theo Iy thuyét) hop chat néu & dé muyc nay.

LC-MS (phuong phap 2): R¢= 0,86 phit; MS (ESIdwong): m/z = 447 (M+H)"
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'H-NMR (400 MHz, DMSO-de): & = 8,60-8,31 (br, s, 1H), 8,19 (s, 1H), 7,74 (s, 1H),
7,44 (s, 1H), 7,33 (s, 1H), 6,87 (s, 1H), 6,25-5,98 (br, s, 1H), 3,96 (s, 3H), 3,62 (s, 2H),
3,13-3,07 (m, 2H), 2,91 (s, 2H), 2,45 (s, 3H) ppm.

Vidu 72

N,N'-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-6,7-diyl]bis(metylen) } diaxetamit

Khudy huyén phu chira hop chédt trung gian 40A (thd, 85mg), 10% Pd/C
(115mg) va axetic anhydrit (40pl, 435umol) trong metanol (12ml) ¢ nhiét do trong
phong trong latm hydro. Sau 4 gio, thém lugng khac 10% Pd/C (115mg) va axetic
anhydrit (40pl, 435umol) vao va tiép tuc khudy & nhiét do trong phong trong latm
hydro trong 2 gio. Loc hdn hop thu duge qua dat tao cat, dich loc dugce 1am bay hoi, va
tinh ché phdn cin bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95%
axetonitril/0,1% TFA trong nudc). Hoa tan san phim thu dugc theo cach ndy trong
metanol va loc qua cdt trao dbi anion (Stratospheres SPE, PL-HCO3; MP-nhya). Rira
giai cot bang metanol, va dich loc dugc 1am bay hoi thu duge 18mg (18% theo ly

thuyét) hop chit néu & d& muc nay.
LC-MS (phuong phap 2): Ry = 0,73 phat; MS (ESIduong): m/z = 452 (M+H)"

'H-NMR (400 MHz, DMSO-d): 8 = 8,29 (br, t, 1H), 8,04 (br, t, 1H), 8,00 (s, 1H),
7,34 (s, 1H), 7,31 (s, 1H), 6,85 (s, 1H), 4,58 (d, 2H), 4,26 (d, 2H), 3,95 (s, 3H), 2,45 (s,
3H), 1,81 (s, 3H), 1,74 (s, 3H) ppm.
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Vidu 73

2-[4-Amino-6-(hydroxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-yl]propan-2-ol

Binh thét ¢b chita huyén phd hop chét trung gian 43A (180mg, 598umol), hop
chit trung gian 6A (299mg, 897umol) va xeri florua (454mg, 2,99mmol) trong
THF/nuéce (10:1, 11ml) dwoc khir khi dudi ap sult giam va sau d6 nap day bang agon.
Thém 4-(di-tert-butylphosphino)-N, N-dimetylanilin-diclopaladi (2:1; 13mg, 18umol)
vao. Khir khi lai hdn hop thu dugc va khudy trong mdi truong argon & 50°C trong 16
gio. Sau thoi gian nay, tach hdn hop phan img bing RP-HPLC diéu ché (Reprosil C18,
gradient tir 30 dén 50% axetonitril/0,2% TFA trong nuéc). Pha lodng phan doan san
phim bang dung dich 7M chira amoniac trong metanol va sau d6 co dic duéi ap suit
giam. Loc tich chit két tia, rira bang nudc va lam khd trong chan khong thu duogc

99mg (42% theo ly thuyét) hop chit néu & dé muc nay.
LC-MS (phuong phap 2): R; = 0,89 phut; MS (ESIdwong): m/z =399 (M+H)*

'H-NMR (400 MHz, DMSO-de): & = 7,96 (s, 1H), 7,51-8,02 (br, s, 1H), 7,37 (s, 1H),
7.31 (s, 1H), 6,86 (s, 1H), 5,99 (s, 1H), 5,23-5,82 (br, s, 1H), 5,04 (t, 1H), 4,53 (d, 2H),
3,96 (s, 3H), 2,45 (s, 3H), 1,73 (s, 6H) ppm.

Vidu 74

4-{[4-Amino-7-(2-hydroxypropan-2-yl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-6-yl]metyl} piperazin-2-on
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Xt Iy dung dich chira hop chét trung gian 44A (50mg, 73% tinh khiét, 92umol)
trong metanol (4ml) bang 2-oxopiperazin (28mg, 276pmol), natri xyanobohydrua
(23mg, 368umol) va axit axetic (21ul, 368umol). Péu tién khudy hdn hop 18 gio &
60°C va sau d6 3 ngay & nhiét do trong phong. Sau thoi gian nay, tach hdn hop bing
RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40% axetonitril/0,2% TFA trong
nude). Pha loang phan doan san phdm bing dung dich 7M chira amoniac trong metanol
va 1am bay hoi duéi ap sult giam. Hoa tan phin cin trong etyl axetat va rira bang nudc.
Lam kho pha hitu co bing natri sulfat va c6 dic dudi ap sut giam. Hoa tan phan cin
trong 1,4-dioxan va 1am kho lanh thu dugc 24mg (52% theo Iy thuyét) hop chét néu &

dé muc nay.
LC-MS (phuong phép 5): R¢ = 1,85 phat; MS (ESIduong): m/z =481 (M+H)"

TH-NMR (400 MHz, DMSO-de): 6 = 7,99 (s, 1H), 7,73-8,01 (br, s, 1H), 7,41 (s, 1H),
7,33 (s, 1H), 6,87 (s, 1H), 5,2-5,7 (br, s, 1H), 3,95 (s, 3H), 3,57 (s, 2H), 3,14 (br, s,
2H), 2,60 (br, s, 4H), 2,46 (s, 3H), 1,70 (br, s, 6H) ppm.

Vidu 75

[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-metylpyrolo[2,1-
f][1,2,4]triazin-6-yl]metanol
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Trong mdi trudng khi argon, binh thot c¢b dwoc nap 165mg (0,64mmol) hop chét
trung gian 53A, 143mg (0,64mmol) hop chét trung gian 5A, 25mg (0,03mmol) (2'-
aminobiphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-
yl)phosphin (1:1; xem 4n phim: S.L. Buchwald et al., J. Am. Chem. Soc. 132 (40),
14073-14075 (2010)) va 409mg (1,93mmol) kali phosphat. Sau d6, thém 7ml hdn hop
duogc loai khi bao gém 1,4-dioxan va nude (5:1) vao va khudy dung dich & 70°C trong
1 gio. Thém phin khac hop chit trung gian SA (142mg, 0,64mmol) va (2'-amino-
biphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin
(10mg, 0,012mmol) vao va tiép tuc khudy trong 1 gid. Sau thdi gian nay, lam bay hoi
mdt phin hdn hop phan Gng dudi ap sudt giam, thém nudce vao, va chiét hdn hop bang
etyl axetat. Céc pha hitu co gom lai dugc 1am bay hoi duéi ap sudt gidm, va nghién
phin cin bing axetonitril. Loc tach cht két tha va lam kho trong chan khong thu dugc
180mg (92% tinh khiét theo LC-MS, 73% theo Iy thuyét) hop chit néu & ¢ muc nay.
T phan dich loc, thu dwoc mé thir hai (41mg, 18% theo 1y thuyét) bang RP-HPLC
didu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic trong
nuée). Tong hiéu sudt: 91% theo ly thuyét.

LC-MS (phuong phap 5): R = 1,92 phut; MS (ESIduong): m/z =355 (M+H)"

"H-NMR (400 MHz, DMSO-ds): 8 = 7,95 (s, 1H), 7,35 (s, 1H), 7,30 (s, 1H), 6,83 (s,
1H), 4,82 (t, 1H), 4,44 (d, 2H), 3,95 (s, 3H), 2,45 (s, 3H) ppm.

Vidu 76

4-{[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-metylpyrolo[2,1-][1,2,4]-

triazin-6-ylJmetyl} piperazin-2-on
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Xt Iy huyén phu chira 55mg (0,16mmol) hgp chit trung gian 54A trong THF
(1,5ml) bang 78mg (0,78mmol) piperazin-2-on, 18ul (0,3 1mmol) axit axetic va 166mg
(0,78mmol) triaxetoxybohydrua. Khuy hdn hop & nhiét do méi truong qua dém. Sau
6, thém 1,5ml nude vao va lam bay hoi hau hét dung moi THF dudi ap suat giam. Pha
loang hén hop con lai bing lugng nudc du va chét rén két tha dugce loc téch riéng va
lam kho (35mg). Tinh ché tiép nguyén liéu nay bing RP-HPLC diéu ché (Reprosil
C18, gradient tir 10 &&n 95% axetonitril/0,1% axit formic trong nudc). Diéu chinh cac
phan doan san phém dén @6 pH=9 bang kali cacbonat dang rin va cd dic mot phan
dudi ap sudt giam. Chét rin két tia dugc loc ra va lam khd ¢ 45°C trong chan khong aé

thu duge 16mg (24% theo ly thuyét) hop chit néu & d& myc nay.
LC-MS (phuong phap 5): R, = 1,74 phat; MS (ESIdvong): m/z = 437 (M+H)"

'H-NMR (400 MHz, DMSO-ds): 8 = 7,95 (s, 1H), 7,66 (br, s, 1H), 7,35 (s, 1H), 7,30
(s, 1H), 6,83 (s, 1H), 3,95 (s, 3H), 3,50 (s, 2H), 3,05 (m, 2H), 2,84 (s, 2H), 2,45 (m,
5H) ppm.

Viduy 77

1-({[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-metylpyrolo[2,1-
f] [ 1,2,4]triazin-6-yl]Jmetyl }amino)-2-metylpropan-2-ol formiat




20601

Xt 1y huyén phu chira 55mg (0,16mmol) hop chét trung gian 54A trong THF
(1,5ml) bang 98mg (0,78mmol) 1-amino-2-metylpropan-2-ol hydroclorua, 39mg
(0,47mmol) natri axetat va 166mg (0,78mmol) natri triaxetoxybohydrua. Khudy hén
hop & nhiét d6 madi trudng qua dém. Sau do, thém 1,5ml nude vao va 1am bay hoi hdn
hop dudi ap suét giam. Tinh ché phin cin bang RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nuéc) dé thu dugc 38mg

(52% theo ly thuyét) hop chit néu & dé muc nay.

LC-MS (phuong phap 5): R, = 1,68 phut; MS (ESIduong): m/z =426 (M+H)"
'TH-NMR (400 MHz, DMSO-d¢): & = 8,19 (s, 1H), 7,94 (s, 1H), 7,38 (s, 1H), 7,29 (s,
1H), 6,84 (s, 1H), 3,95 (s, 3H), 2,45 (s, 3H), 2,34 (s, 2H), 1,02 (s, 6H) ppm.

Vidu 78

1-({[4-Amino-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-metylpyrolo[2,1-
f][1,2,4]triazin-6-yl]metyl }amino)-2-metylpropan-2-ol

Dung dich chira 29mg (0,06mmol) hgp chét ctia vi du 77 trong 3ml metanol
duoc chay qua cOt nhya Stratospheres SPE PL-HCO3; MP, dugc xtr ly so b bang 2ml
metanol. Rira giai cot bing 4ml metanol, va 1am bay hoi dich rira giai dé thu duoc

21,5mg (82% theo ly thuyét) hop chét néu & dé muc nay.
LC-MS (phuong phap 4): R;= 0,68 phut; MS (ESIdwong): m/z =426 (M+H)"

'H-NMR (400 MHz, DMSO-de): & = 7,94 (s, 1H), 7,37 (s, 1H), 7,28 (s, 1H), 6,83 (s,
1H), 4,07 (s, 1H), 3,95 (s, 3H), 3,63-3,75 (m, 2H), 2,45 (s, 3H), 2,32 (m, 3H), 1,42-
1,56 (m, 1H), 1,02 (s, 6H) ppm.
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Vidu 79

[4-Amino-7-clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-6-ylJmetanol

Xt 1y dung dich chita hop chét trung gian 48A (117mg, 0,24mmol) trong Sml
THF béng 5ml axit clohydric ddm dic va khudy & nhiét do moi truong qua dém. Sau
do, thém 12ml dung dich nudc natri hydroxit SM ciing nhu etyl axetat vao, tach cac
16p, va chiét 16p nudc hai 1in bing etyl axetat. Rira cac pha hitu co gom lai bing dung
dich nudc natri clorua bdo hoa, lam khd va lam bay hoi. Tinh ché phin cin bang RP-
HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit formic
trong nudc) dé thu duge 30mg (34% theo Iy thuyét) hop chat néu & d& muc nay.

LC-MS (phuong phap 2): R¢ = 0,90 phut; MS (ESIduong): m/z =375 (M+H)"

IH-NMR (400 MHz, DMSO-de): & = 8,04 (s, 1H), 7,43 (s, 1H), 7,32 (s, 1H), 6,85 (s,
1H), 5,02 (t, 1H), 4,43 (d, 2H), 3,96 (s, 3H), 2,45 (s, 3H) ppm.

92mg (10% theo ly thuyét) 7-clo-6-(clometyl)-5-(7-metoxy-5-metyl-1-
benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]triazin-4-amin dugc tach ra dudi dang san
phim phy (xem hop chit trung gian 50A).

Vi du 80

4-{[4-Amino-7-clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-6-yllmetyl }piperazin-2-on
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Hop chit néu & dé& muyc nay duoc tao ra theo quy trinh dwoc néu trong vi du 76
bét ddu tir 40mg (0,1 1mmol) hop chét trung gian 49A. Hiéu suit: 27mg (55% theo 1y
thuyét).

LC-MS (phuong phap 2): Rt = 0,86 phut; MS (ESIdwong): m/z =457 (M+H)*

'H-NMR (400 MHz, DMSO-de): 8 = 8,05 (s, 1H), 7,68 (br, s, 1H), 7,44 (s, 1H), 7,31
(s, 1H), 6,85 (s, 1H), 3,96 (s, 3H), 3,52 (s, 2H), 3,05 (br, s, 2H), 2,86 (s, 2H), 2,45 (s,
3H) ppm.

Vi du 81

1-({[4-Amino-7-clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]-

triazin-6-ylJmetyl }amino)-2-metylpropan-2-ol formiat

x HCOOH

Hop chét néu & d& muc nay dugce tao ra theo quy trinh dugc néu trong vi du 77
bit ddu tir 40mg (0,11mmol) hop chét trung gian 49A. Hiéu suét: 24mg (45% theo 1y
thuyét).
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LC-MS (phuong phap 2): R; = 0,73 phut; MS (ESIduong): m/z = 446 (M+H)*

"H-NMR (400 MHz, DMSO-d¢): & = 8,15 (s, 1H), 8,04 (s, 1H), 7,45 (s, 1H), 7,30 (s,
1H), 6,85 (s, 1H), 3,96 (s, 3H), 3,73 (s, 2H), 2,45 (s, 3H), 2,32 (s, 2H), 1,00 (s, 6H)
ppm.

Vidu 82

1-({[4-Amino-7-clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]-
triazin-6-yl]metyl } amino)-2-metylpropan-2-ol

Hop chét néu ¢ dé muc nay duoc tao ra tir vi du 81 theo quy trinh ctia vi du 78.
LC-MS (phuong phap 2): Ry = 0,72 phut; MS (ESIduong): m/z = 446 (M+H)"

'H-NMR (400 MHz, DMSO-ds): & = 8,04 (s, 1H), 7,45 (s, 1H), 7,30 (s, 1H), 6,85 (s,
1H), 4,09 (br, s, 1H), 3,95 (s, 3H), 3,71 (s, 2H), 2,45 (s, 3H), 2,31 (s, 2H), 1,44-1,64
(m, 1H), 1,00 (s, 6H) ppm.

Vidu 83

7-Clo-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]-

triazin-4-amin
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Tao huyén phu 8,2mg (0,02mmol) hop chét trung gian SOA trong 1ml etanol, xir
Iy bing 41p1 (0,11mmol) dung dich 2,68M chira natri etanolat trong etanol va dun hdi
luu trong 1 phit. Sau d6, lam bay hoi dung dich trong sudt va tinh ché san phédm tho
bing RP-HPLC diéu ché (Reprosil C18, gradient tir 10 dén 95% axetonitril/0,1% axit
formic trong nudc) dé thu duge Smg (56% theo ly thuyét) hop chit néu & d& muc nay.

LC-MS (phuong phap 4): R¢= 1,25 phat; MS (ESIdwong): m/z = 402 (M+H)"

IH-NMR (400 MHz, DMSO-de): & = 8,06 (s, 1H), 7,40 (s, 1H), 7,32 (s, 1H), 6,86 (s,
1H), 4,40 (s, 2H), 3,96 (s, 3H), 3,40 (q, 2H), 2,45 (s, 3H), 1,06 (t, 3H) ppm.

Vi du 84

5-(7-Metoxy-5-metyl-1-benzothiophen-2-yl)-6-metyl-7-(piperazin-1-ylmetyl)pyrolo-
[2,1-f][1,2,4]triazin-4-amin formiat

Khudy dung dich chira hop chit trung gian 57A (100mg, 191pmol) trong dung
dich 4M chura hydroclorua trong 1,4-dioxan (2ml) ¢ nhiét do trong phong trong 3 gio
va sau d6 1am bay hoi. Tinh ché bing RP-HPLC diéu ché hai lan (Reprosil C18,
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gradient tir 10 dén 95% axetonitril/0,1% axit formic trong nuéc) thu duge 71mg (67%

theo ly thuyét) hop chét néu & dé muc nay.
LC-MS (phuong phap 2): R; = 0,81 phut; MS (ESIduong): m/z = 423 (M+H)"

'H-NMR (400 MHz, CDCL): & = 8,46 (br, s, 1H), 7,89 (s, 1H), 7,27 (s, 1H, chdng lén
dinh CHCL;), 7,18 (s, 1H), 6,67 (s, 1H), 4,01 (s, 3H), 3,97 (s, 2H), 3,18-3,09 (m, 4H),
2,82-2,73 (m, 4H), 2,50 (s, 3H), 2,24 (s, 3H) ppm.

Vidu 85

6-Clo-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-7-(piperazin-1-ylmetyl)pyrolo-
[2,1-f][ 1,2,4]triazin-4-amin trihydroclorua

Khudy hop chét trung gian 60A (65mg, 0,12mmol) trong 1ml dung dich 4M
chira hydro clorua trong 1,4-dioxan trong 2 gi0' ¢ nhiét d trong phong. Lam bay hoi
huyén pht dén kho, va tinh ché san phim tho bang RP-HPLC diéu ché (Reprosil C18,
gradient tir 10 dén 95% axetonitril/0,1% axit clohydric trong nudc) thu dugc 49mg
(74% theo 1y thuyét) hop chit néu & dé muyc nay.

LC-MS (phuong phap 2): R;= 0,81 phat; MS (ESIduong): m/z = 443 (M+H)"

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu t6 khac & = 9,56 (br, s, 1H), 8,45
(br, s, 1H), 8,19 (s, 1H), 7,44 (s, 1H), 7,36 (s, 1H), 6,89 (s, 1H), 6,30 (br, s, 1H), 4,63
(br, s, 1H), 3,40 (br, s, 8H), 2,46 (s, 3H) ppm.
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Vi du 86

[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f]-
[1,2,4]triazin-7-yl]metanol

Hop chét néu ¢ d& myc nay (360mg) thu duoc dudi dang san phdm phu trong
qué trinh diéu ché cuia vi du 5 bang phwong phap diéu ché 1.

LC-MS (phuong phap 2): R = 0,99 phut; MS (ESIduong): m/z =399 (M+H)*

'H-NMR (400 MHz, DMSO-ds): & = 8,09-7,72 (br, s, 1H), 7,99 (s, 1H), 7,35 (s, 1H),
7,31 (s, 1H), 6,84 (s, 1H), 6,05-5,48 (br, s, 1H), 5,04 (br, s, 1H), 4,81 (d, 2H), 4,47 (s,
2H), 3,96 (s, 3H), 3,39 (q, 3H), 2,45 (s, 3H), 1,05 (t, 3H) ppm.

Vidu 87

1-{[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-7-ylJmetyl }imidazolidin-2-on

Xt Iy huyén phu chira hop chit trung gian 63A (100mg, 0,22 1mmol) trong THF
(5ml) bing imidazolidin-2-on (57mg, 0,662mmol) va N, N-diisopropyletylamin (153pul,
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0,926mmol), va gia nhiét hdn hgp dén 150°C trong 90 phit trong 16 vi séng. Sau thoi
gian ndy, tinh ché hén hop phan ing bing RP-HPLC diéu ché (Reprosil C18, gradient
tir 40 dén 60% axetonitril/0,2% axit trifloaxetic trong nwéc). Hoa tan san phidm thu
dugc theo cich nady trong metanol va loc qua cdt trao dbi anion (Stratospheres SPE,
PL-HCO3 MP-nhua). Rira gidi cft béng metanol, va dich lgc dugc lam bay hoi. Tinh
ché san phdm mot lin nita bing sic ky 16p mong didu ché trén silicagel
(xyclohexan/etyl axetat 3:1) thu dugc 24mg (22% theo ly thuyét) hop chit néu & dé

muc nay.

LC-MS (phuong phap 2): R; = 0,99 phut; MS (ESIduong): m/z = 467 (M+H)*
'H-NMR (400 MHz, DMSO-ds): & = 8,21-7,65 (br, s, 1H), 7,99 (s, 1H), 7,36 (s, 1H),
7,31 (s, 1H), 6,84 (s, 1H), 6,38 (s, 1H), 6,04-5,56 (br, s, 1H), 4,65 (s, 2H), 4,46 (s, 2H),
3,95 (s, 3H), 3,38 (q, 2H), 3,31-3,10 (m, 4H), 2,45 (s, 3H), 1,06 (t, 3H) ppm.

Vidu 88
4-{[4-Amino-5-(7-metoxy-1-benzothiophen-2-yl)-6-(metoxymetyl)pyrolo[2,1-
f][1,2,4]triazin-7-ylJmetyl } piperazin-2-on

Thém (2'-aminobiphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropyl-
biphenyl-2-yl)phosphin (1:1; 7,7mg, 9,8pumol; xem 4n phim: S. L. Buchwald ef al., J.
Am. Chem. Soc. 132 (40), 14073-14075 (2010)) vao dung dich chira hop chét trung
gian 62A (72,6mg, 197umol), axit (7-metoxy-1-benzothiophen-2-yl)boronic (45mg,
216umol) va xeri florua (149mg, 983umol) trong THF d4 loai khi/nudc (10:1, 2,2ml)
trong mdi trudng argon. Khir khi lai hdn hop thu dwoc va khudy trong argon & 60°C

trong 3 gi0. Sau thoi gian nay, tach hdn hop bing RP-HPLC diéu ché (Reprosil C18,
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gradient tir 20 dén 40% axetonitril/0,1% TFA trong nudc). Gom cac phan doan san
phim va lam bay hoi dén kho. Hoa tan phdn cin trong metanol va loc qua cot trao dbi
anion (Stratospheres SPE, PL.-HCO3; MP-nhya). Rira giai cot br?lng metanol, va dich loc
duge 1am bay hoi thu duge 31mg (35% theo 1y thuyét) hop chét néu & d& muc nay.

LC-MS (phuong phap 2): R;= 0,71 phut; MS (ESIduong): m/z =453 (M+H)*

'H-NMR (400 MHz, DMSO-ds): 3 = 8,00 (s, 1H), 7,72 (s, 1H), 7,61-8,23 (br, s, 1H),
7,51 (d, 1H), 7,46 (s, 1H), 7,40 (t, 1H), 6,99 (d, 1H), 5,57-6,11 (br, s, 1H), 4,42 (s, 2H),
3,98 (s, SH), 3,20 (s, 3H), 3,11 (br, m, 2H), 3,01 (s, 2H), 2,62-2,67 (m, 2H) ppm.

Vidu 89

4-{[4-Amino-6-(metoxymetyl)-5-(5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f][1,2,4]-

triazin-7-ylJmetyl} piperazin-2-on

Thém (2'-aminobiphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropyl-
biphenyl-2-yl)phosphin (1:1; 5,3mg, 6,8pmol; xem an phém: S. L. Buchwald ef al., J.
Am. Chem. Soc. 132 (40), 14073-14075 (2010)) vao dung dich chira hop chét trung
gian 62A (50mg, 135umol), axit (5-metyl-1-benzothiophen-2-yl)boronic (28,6mg,
149umol) va xeri florua (103mg, 677umol) trong THF da loai khi/nudc (10:1, 4,4ml)
trong mdi trudng argon. Khir khi lai hdn hgp thu dugce va khudy trong méi trudng
argon & 60°C trong 16 gid. Sau thoi gian nay, tach hdn hgp bing RP-HPLC diéu ché
(Reprosil C18, gradient tir 30 dén 50% axetonitril/0,1% TFA trong nudc). Gom céac
phan doan san phdm va lam bay hoi dén kho. Hoa tan phan cin trong metanol va loc

qua cdt trao ddi anion (StratoSpheres SPE, PL-HCO; MP-nhya). Rira giai ct bang
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metanol, va dich loc dugc 1am bay hoi thu duoc 27mg (45% theo 1y thuyét) hop chit

néu ¢ dé muc nay.
LC-MS (phuong phap 2): Rt = 0,79 phuat; MS (ESIduong): m/z =437 (M+H)"

'H-NMR (400 MHz, DMSO-de): & = 8,00 (s, 1H), 7,89 (d, 1H), 7,73 (s, 1H), 7,71 (s,
1H), 7,58-8,18 (br, s, 1H), 7,40 (s, 1H), 7,24 (dd, 1H), 5,58-6,03 (m, 1H), 4,42 (s, 2H),
3,97 (s, 2H), 3,21 (s, 3H), 3,11 (br, t, 2H), 3,01 (s, 2H), 2,64 (t, 2H), 2,44 (s, 3H) ppm.

Vidu 90

1-[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f]-
[1,2,4]triazin-7-yl]etanol

Trong mdi trudng khi argon, thém nho giot dung dich 1M chira metylmagie
bromua trong THF (630pl, 630umol) & nhiét d¢ trong phong vao dung dich chira hop
chét trung gian 17A (100mg, 252umol) trong THF (10ml). Khudy hdn hop & nhiét 3o
trong phong trong 3 gio va sau d6 xit ly bang phin khac metylmagie bromua trong
THF (177pl, 177umol). Khudy hdn hgp phan {ng trong 16 gio¢ nita, sau d6 dép tét
phéan tng bing dung dich nudc amoni clorua bdo hoa va chiét bang etyl axetat. Rira cac
16p hitu co gom lai bing nudc mubi, 1dm kho bang magie sulfat, loc va lam bay hoi.
Tinh ché phdn cin bing RP-HPLC diéu ché (Reprosil C18, gradient tir 40 dén 60%
axetonitril/0,1% TFA trong nudc). Pha loang phan doan san phim bang dung dich
nude natri hydrocacbonat bao hoa va chiét bang etyl axetat. Rira pha hiru co bang dung
dich nudc natri clorua bdo hoa, lam kho bing magie sulfat, loc va lam bay hoi thu dugc

39mg (36% theo ly thuyét) hop chét néu & dé muc nay.
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LC-MS (phuong phap 4): R = 1,07 phut; MS (ESIduong): m/z =413 (M+H)"

TH-NMR (400 MHz, DMSO-de): & = 7,95 (s, 1H), 7,56-8,07 (br, s, 1H), 7,35 (s, 1H),
7,31 (s, 1H), 6,84 (s, 1H), 5,46-5,54 (m, 1H), 5,37-5,95 (br, s, 1H), 5,26 (d, 1H), 4,67
(d, 1H), 4,38 (d, 1H), 3,95 (s, 3H), 3,38 (q, 2H), 2,45 (s, 3H), 1,52 (d, 3H), 1,05 (t, 3H)
ppm.

Vidu 91

[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-f]-
[1,2,4]triazin-7-yl](xyclopropyl)metanol

Trong mdi truong khi argon, thém nho giot dung dich 0,5M chua
xyclopropylmagie bromua trong THF (1,26ml, 630pmol) ¢ nhiét d§ trong phong vao
dung dich chita hop chét trung gian 17A (100mg, 252umol) trong THF (5ml). Khudy
hén hop & nhiét do trong phong trong 1 gio, sau d6 dap tit phan Gmg bang dung dich
nuéc amoni clorua bao hoa va chiét bing etyl axetat. Rira cac 16p hiru co gom lai bing
nude mubi, 1am khé bing magie sulfat, loc va lam bay hoi. Tinh ché phén cin béng
RP-HPLC diéu ché (Reprosil C18, gradient tir 50 &én 70% axetonitril/0,1% TFA trong
nudce). Pha loang phan doan san phim bang dung dich nudc natri hydrocacbonat bao
hoa va chiét bing etyl axetat. Rira pha hitu co bing dung dich nudc natri clorua bao
hoa, lam khod bing magie sulfat, loc va lam bay hoi thu dugc 10mg (10% theo ly

thuyét) hop chét néu ¢ dé muc nay.

LC-MS (phuong phap 2): R, = 1,13 phuat; MS (ESIduong): m/z = 439 (M+H)"
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'H-NMR (400 MHz, DMSO-dg): & = 7,94 (s, 1H), 7,68-8,04 (br, s, 1H), 7,36 (s, 1H),
7,31 (s, 1H), 6,84 (s, 1H), 5,47-5,89 (br, s, 1H), 5,30 (d, 1H), 4,64 (d, 1H), 4,59-4,67
(m, 1H), 4,39 (d, 1H), 3,96 (s, 3H), 3,38 (q, 2H), 2,45 (s, 3H), 1,54-1,64 (m, 1H), 1,04
(t, 3H), 0,51-0,59 (m, 1H), 0,40-0,47 (m, 1H), 0,28-0,38 (m, 2H) ppm.

Vi du 92

(35)-3-({[4-Amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yDpyrolo[2,1-f][1,2,4]triazin-7-yl]metyl } amino)pyrolidin-2-on

Xt 1y huyén phu chira hop chét trung gian 13A (100mg, 0,233mmol) trong THF
(2ml) bing (S)-3-aminopyrolidin-2-on (35mg, 0,349mmol), natri triaxetoxybohydrua
(148mg, 0,698mmol) va axit axetic (26,6pl, 0,465mmol). Khudy hdn hop thu dugc &
nhiét do trong phong trong 3 gio va sau do tinh ché truc tiép bang RP-HPLC diéu ché
(Reprosil C18, gradient tir 40 dén 60% axetonitril/0,2% axit trifloaxetic trong nudc).
Gom cac phén doan san phim va 1am bay hoi dén khé. Hoa tan phan cin trong metanol
va loc qua cdt trao d6i anion (Stratospheres SPE, PL-HCO3; MP-nhya). Rira giai cot
bing metanol, va dich loc dugc lam bay hoi thu duge 56mg (51% theo 1y thuyét) hop

chét néu & dé muc nay.
LC-MS (phuong phap 4): R = 0,72 phat; MS (ESIduong): m/z =467 (M+H)"

'H-NMR (400 MHz, DMSO-d): 8 = 8,01 (s, 1H), 7,76 (s, 1H), 7,35 (s, 1H), 7,31 (s,
1H), 6,85 (s, 1H), 4,48 (d, 2H), 4,43 (d, 2H), 4,24-4,02 (m, 2H), 3,96 (s, 3H), 3,26-2,99
(m, 6H), 2,45 (s, 3H), 2,40-2,27 (m, 1H), 1,82-1,64 (m, 1H) ppm.
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Vidu93

(35)-3-({[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo-
[2,1-f][1,2,4]triazin-7-ylJmetyl }amino)pyrolidin-2-on

Xt ly huyén phu chira hop chét trung gian 17A (100mg, 0,252mmol) trong THF
(2ml) bang (S)-3-aminopyrolidin-2-on (38mg, 378umol), natri triaxetoxybohydrua
(160mg, 757pmol) va axit axetic (30ul, 504umol). Khudy hdn hop thu dugc & nhiét do
trong phong trong 3 gid va sau dé tinh ché truc tiép bang RP-HPLC diéu ché (Reprosil
C18, gradient tir 30 dén 50% axetonitril/0,2% axit trifloaxetic trong nuéc). Gom céac
phan doan san phdm va lam bay hoi dén khd. Hoa tan phin cin trong metanol va loc
qua cdt trao dbi anion (Stratospheres SPE, PL-HCO3; MP-nhya). Rira gidi cot bang
metanol, va dich loc dwgc 1am bay hoi thu duoc 84mg (69% theo ly thuyét) hop chét

néu ¢ dé muc nay.
LC-MS (phuong phap 4): R; = 0,75 phut; MS (ESIduong): m/z =481 (M+H)"

'H-NMR (400 MHz, DMSO-d): 8 = 8,00 (s, 1H), 7,75 (s, 1H), 7,67-8,11 (br, s, 1H),
7,35 (s, 1H), 7,31 (s, 1H), 6,85 (s, 1H), 5,5-6,0 (br, s, 1H), 4,44 (q, 2H), 4,14-4,21 (m,
1H), 4,02-4,11 (m, 1H), 3,38-3,45 (q, 2H), 3,16-3,24 (m, 1H), 3,05-3,16 (m, 2H), 2,45
(s, 3H), 2,31-2,40 (m, 1H), 1,67-1,79 (m, 1H), 1,08 (t, 3H) ppm.

Quy trinh chung dé diéu ché cia cac hotpj chét ctia vi du tir 94 dn 105 trong bang I:

Xt 1y huyén phu 0,13M chira hop chét trung gian 17A trong THF bing 1,5

dwong luong thanh phin amin twong tng, 3 duong luong natri triaxetoxybohydrua va
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1,5 duong lugng axit axetic. Khuy hdn hop thu dugc & 60°C trong tir 3 dén 20 gio.

Sau thoi gian nay, viéc tinh ché duoc thyc hién theo phuong phap da néu.

Bang I
Vidu Chu trac (cac) | Dit liéu LC-MS
s6 phuong
phap tinh
ché

94 P1,P5 | Phuong phap 4:
R: = 1,22 phut;
MS (ESIduong):
m/z = 468 (M+H)*

95 P6,P3 | Phuong phap 2:
R¢ = 0,92 phut;
MS (ESIduong):
m/z = 509 (M+H)*

96 P1,P5 | Phuong phap 4:
R: = 0,83 phut;
MS (ESIduong):
m/z = 452 (M+H)*

-207-



20601

Vidu Céu tric (cac) | Dit lidu LC-MS
56 phuong
phap tinh
ché
97 P1,P5 | Phuong phap 5:
R;= 1,84 phut;

MS (ESIduong):
m/z = 454 (M+H)"

98 P1,P5 | Phuong phap 5:
R¢= 1,82 phut;
MS (ESIduong):

m/z = 482 (M+H)*

99 P1,P5 | Phuong phap 5:
R.=2,21 phat;
MS (ESIduong):

m/z = 516 (M+H)*

100 P1,P5 | Phuong phap 2:
R: = 0,86 phut;
MS (ESIduong):

m/z = 507 (M+H)*
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Vidy Cau tric (cac) | Dit ligu LC-MS
s& phuong
phap tinh
ché
101 P1,P5 | Phuong phap 2:
R¢=10,81 phut;
MS (ESIduong):

m/z = 468 (M+H)"*

102 P1, P5, P4 | Phuong phap 2:
R¢= 1,03 phut;
MS (ESIduong):

m/z = 474 (M+H)*

103 P1, P5, P2 | Phuong phap 2:
R:= 1,05 phut;
MS (ESIduong):

m/z = 460 (M+H)"

104 P1,P6 | Phuong phap 2:
R:=0,91 phut;
MS (ESIduong):

m/z = 467 (M+H)"
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Vi du Céu tric (cac) | Dit liéu LC-MS
sO phuong
phap tinh
ché

105 P1,P6 |Phuong phap 2:
R:= 0,89 phut;
MS (ESIduong):
m/z =495 (M+H)*

Vidu 106

4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)-N-[(3R)-2-
oxopyrolidin-3-yl]pyrolo[2,1-f][1,2,4]triazin-7-carboxamit

Xt ly dung dich dang khudy chira hop chét trung gian 64A (50mg, 121pmol)
trong DMF (2ml) ¢ nhiét d6 trong phong bang N-[(1H-benzotriazol-1-
yloxy)(dimetylamino)metylen]-N-metylmetanamin  tetrafloborat (TBTU) (43mg,
133pumol) va DIPEA (53pl, 303umol). Sau 15 phut, thém (3R)-3-aminopyrolidin-2-on
(24mg, 242pumol) vao va khudy hdn hgp thu dwgc ¢ nhiét d6 trong phong trong 2 gio
nita. Sau thoi gian nay, tach hdn hop bing RP-HPLC diéu ché (Reprosil C18, gradient

tr 30 dén 50% axetonitril/0,2% axit trifloaxetic trong nudc). Gom cac phan doan san
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phdm va lam bay hoi d&n kho. Hoa tan phén cin trong metanol va loc qua cdt trao ddi
anion (Stratospheres SPE, PL-HCO3; MP-nhya). Rira giai cot bé’mg metanol, va dich loc
dugc 1am bay hoi thu duge 36mg (60% theo ly thuyét) hop chat néu & dé muc nay.

LC-MS (phuong phap 2): R;= 0,91 phit; MS (ESIduong): m/z =495 (M+H)*

'H-NMR (400 MHz, DMSO-de): § = 9,50 (d, 1H), 8,21-8,45 (br, s, 1H), 8,17 (s, 1H),
7,97 (s, 1H), 7,41 (s, 1H), 7,33 (s, 1H), 6,86 (s, 1H), 5,84-6,09 (br, s, 1H), 4,74 (dd,
2H), 4,47-4,56 (m, 1H), 3,96 (s, 3H), 3,37 (q, 2H), 3,22-3,29 (m, 2H), 2,54-2,61 (m,
1H), 2,46 (s, 3H), 1,90-2,03 (m, 1H), 1,00 (t, 3H) ppm.

Vidy 107

4-{[4-Amino-6-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
yl)pyrolo[2,1-f][1,2,4]triazin-7-yl]cacbonyl } piperazin-2-on

Xt ly dung dich dang khudy chira hop chit trung gian 64A (50mg, 121pumol)
trong DMF (2ml) & nhiét d§ trong phong bang TBTU (43mg, 133umol) va DIPEA
(53pul, 303pmol). Sau 15 phut, thém piperazin-2-on (24mg, 242umol) va khudy hdn
hop thu duge & nhiét 6 trong phong trong 16 gio nita. Sau thoi gian nay, tach hdn hop
bing RP-HPLC diéu ché (Reprosil C18, gradient tir 40 dén 60% axetonitril/0,2% axit
trifloaxetic trong nudc). Gom cac phan doan san phim va lam bay hoi dén kho. Hoa
tan phan cin trong metanol va loc qua cot trao d6i anion (Stratospheres SPE, PL-HCOs
MP-nhya). Rira gidi cot béng metanol, va dich loc dugc lam bay hoi thu dugc 45mg

(68% theo 1y thuyét) hop chét néu & dé muc nay.
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LC-MS (phuong phap 2): Rt = 0,92 phut; MS (ESIdwong): m/z =495 (M+H)*

'H-NMR (400 MHz, DMSO-dg): § = 8,14 (br, s, 1H), 7,99-8,01 (m, 1H), 7,9-8,3 (br, s,
1H), 7,41 (d, 1H), 7,32 (s, 1H), 6,86 (s, 1H), 5,78-6,05 (br, s, 1H), 4,30-4,49 (m, 2H),
4,13-4,23 (m, 1H), 4,03-4,10 (m, 1H), 3,96 (s, 3H), 3,76-3,87 (m, 1H), 3,57-3,74 (m,
1H), 3,35-3,43 (m, 2H), 3,14-3,25 (m, 1H), 2,45 (s, 3H), 0,96-1,05 (m, 3H) ppm.

Quy trinh chung dé diéu ché cac hop chét ctia vi du tir 108 dén 123 trong bang II:

Xt ly dung dich 0,13M chira hop chét trung gian 64A trong DMF bing 1,1
dwong luong TBTU va 2,5 dwong lwgng DIPEA va khudy & nhiét d6 trong phong trong
15 phit. Thém 2 duong lwong amin twong (mg vao va khudy hdn hop thu dwgc & nhiét

do trong phong trong 18 gid. Sau thoi gian nay, viéc tinh ché dugc thuc hién theo cac

phuong phap da néu.
Bang II
Vidu CAu tric (cac) | Dit liéu LC-MS
s6 phuong
phap tinh
ché
108 P1 Phuong phap 2:

R¢ = 1,02 phut;
MS (ESIduong):
m/z =456 (M+H)"
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Vidu Céu tric (cac) | Dir liu LC-MS
sd phuong
phap tinh
ché
109 P1 Phuong phap 4:
R;= 0,97 phut;
MS (ESIduong):
m/z = 412 (M+H)*
110 P1,P5 | Phuong phap 2:
R¢= 1,01 phut;
MS (ESIduong):
m/z = 426 (M+H)*
111 P1,P5 | Phuong phap 4:
R¢= 1,11 phut;
MS (ESIduong):
m/z = 440 (M+H)*
112 P1 Phuong phap 4:
R¢= 1,07 phut;
MS (ESIduong):

m/z = 482 (M+H)"
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Vidy Chu tric (cac) | Dit lidu LC-MS
sb phuong
phap tinh
ché
113 P1,P5 | Phuong phap 2:
R¢= 0,84 phut;
MS (ESIduong):

m/z = 523 (M+H)*

114 P1,P5 | Phuong phap 2:
R: = 0,96 phut;
MS (ESIduong):

m/z = 440 (M+H)*

115 P1,P5 | Phuong phap 2:
R: = 1,09 phut;
MS (ESIduong):

m/z = 452 (M+H)*

116 P1,P5 | Phuong phap 4:
R = 0,95 phit;
MS (ESIduong):

m/z =495 (M+H)*
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Vidu Céu trac (cac) Dt liéu LC-MS
sb phuong
phap tinh
ché
117 P1,P5 | Phuong phap 4:
R = 0,93 phit;
MS (ESIduong):
m/z = 481 (M+H)*
118 P1,P5 | Phuong phap 2:
R¢=0,93 phut;
MS (ESIduong):
m/z = 482 (M+H)"
119 P1,P5 | Phuong phap 2:
R¢= 1,04 phut;
MS (ESIduong):
m/z = 516 (M+H)*
120 P1,P5 | Phuong phap 4:
O/CHa R;= 0,88 phut;
MS (ESIduong):

m/z = 468 (M+H)*
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Vi du CAu tric (cac) | Dir liéu LC-MS
s6 phuong
phap tinh
ché
121 P1,P5 | Phuong phap 4:
R;=0,91 phut;
MS (ESIduong):

m/z = 496 (M+H)*

122 P1,P5 | Phuong phap 4:
R¢= 1,09 phut;
MS (ESIduong):

m/z = 488 (M+H)*

123 P1,PS | Phuong phap 4:
R:= 0,98 phut;
MS (ESIduong):

m/z = 530 (M+H)"*

Vi du 124

4-{[4-Amino-5-(5,7-dimetoxy-1-benzothiophen-2-yl)-6-(metoxymetyl)pyrolo[2,1-f]-
[1,2,4]triazin-7-yl]metyl } piperazin-2-on
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Thém (2'-aminobiphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropyl-
biphenyl-2-yl)phosphin (1:1; 42,6mg, 54pmol; xem 4n phim: S. L. Buchwald et al., J.
Am. Chem. Soc. 132 (40), 14073-14075 (2010)) vao dung dich chira hop chét trung
gian 62A (100mg, 271umol), hop chit trung gian 66A (77mg, 325umol) va xeri florua
(206mg, 1,35mmol) trong THF da loai khi/nudc (10:1; Sml) trong moi trudng argon.
Khir khi lai hdn hop thu duoc va khudy trong moi trudng argon & 60°C trong 6 gio.
Sau d6, thém phén khac hop chit trung gian 66A (39mg, 162pumol) va tiép tuc khudy &
60°C trong 10 gio. Sau thoi gian nay, tach hdn hop phan ing bing RP-HPLC diéu ché
(Reprosil C18, gradient tir 30 dén 50% axetonitril/0,1% TFA trong nudc). Gom cic
phan doan san phim va 1am bay hoi dén kho. Hoa tan phan cin trong metanol va loc

‘qua c6t trao ddi anion (Stratospheres SPE, PL-HCOs; MP-nhya). Rira giai cot bing
metanol, va dich loc dugc 1am bay hoi thu dugc 40mg (28% theo 1y thuyét) hop chét

néu & dé& myc nay.
LC-MS (phuong phap 2): Rt = 0,78 phut; MS (ESIduong): m/z =483 (M+H)"

'H-NMR (500 MHz, DMSO-d¢): & = 7,99 (s, 1H), 7,68 (br, s, 1H), 7,49-8,17 (br, s,
1H), 7,37 (s, 1H), 7,05 (d, 1H), 6,63 (d, 1H), 5,5-6,0 (br, s, 1H), 4,42 (s, 2H), 3,97 (s,
2H), 3,94 (s, 3H), 3,84 (s, 3H), 3,20 (s, 3H), 3,09-3,14 (m, 2H), 3,01 (s, 2H), 2,62-2,67
(m, 2H) ppm.

Vidy 125

4-{[4-Amino-7-(hydroxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-
ylpyrolo[2,1-f][1,2,4]triazin-6-yl]Jmetyl} piperazin-2-on
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Thém (2'-aminobiphenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropyl-
biphenyl-2-yl)phosphin (1:1; 117mg, 0,149mmol; xem 4n phém: S. L. Buchwald et al.,
J. Am. Chem. Soc. 132 (40), 14073-14075 (2010)) vao huyén phu chita hop chét trung
gian 70A (700mg, 1,49mmol), hop chét trung gian 5A (497mg, 2,24mmol) va xeri
florua (1,36g, 8,95mmol) trong THF d4 loai khi/nudc (2:1, 90ml) trong mdi trudng
argon. Khir khi lai hdn hgp thu dugc va khudy trong méi trudng argon & 60°C qua
dém. Thém phdn khac hop chét trung gian SA (231mg, 1,04mmol) va (2'-aminobi-
phenyl-2-yl)(clo)paladi-dixyclohexyl(2',4',6'-triisopropylbiphenyl-2-yl)phosphin  (1:1;
117mg, 0,149mmol) véo va tiép tuc khudy & 60°C trong 3 gio. Loc bo chét két tia, rira
bing THF va lam kho trong chén khong. Tao huyén pht chit rin trong hén hop gdm
DMF va 1M axit trifloaxetic trong nudc va loc. Tach phén dich loc bang RP-HPLC
diéu ché (Reprosil C18, gradient tur 20 dén 40% axetonitril/0,2% axit trifloaxetic trong
nuédc). Gom cac phan doan san phim va sau d6 dugc kiém hoa nh¢ viéc thém dung
dich nudc natri bicacbonat bao hoa. Chiét dung dich bang etyl axetat, va rira 16p hitu
co bing nudc mudi, 1am khd trén magie sulfat va lam bay hoi dé thu duoc 88mg hop

chét néu & & muc nay (13% theo ly thuyét).
LC-MS (phuong phap 2): R, = 0,70 phat; MS (ESIduong): m/z = 453 (M+H)"

IH-NMR (400 MHz, DMSO-ds): khong ké cac yéu t khac § = 7,6-8,0 (br, s, 1H), 7,98
(s, 1H), 7,71 (s, 1H), 7,37 (s, 1H), 7,31 (s, 1H), 6,84 (s, 1H), 5,4-5,8 (br, s, 1H), 5,19 (t,
1H), 4,85 (d, 2H), 3,95 (s, 3H), 3,58 (s, 2H), 3,04 (br, m, 2H), 2,88 (s, 2H), 2,45 (s,
3H) ppm.
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Vidu 126

4-{[4-Amino-7-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-6-yllmetyl } piperazin-2-on

Xt 1y huyén pht chita hop chit ciia vi du 125 (88mg, 194pmol) trong
diclometan (5ml) bang thionyl clorua (29pul, 389pumol), va khudy hdn hop & nhiét do
trong phong trong 65 phit. Thém phéan khac thionyl clorua (29ul, 389umol) vao va tiép
tuc khudy trong 1,5 gio. Sau do, thém lugng du metanol vao, tiép theo thém nhd giot
dung dich 5,4M chira natri metylat trong metanol (84mg, 1,56mmol) cho dén khi dat
dén @6 pH=8. Sau khi khudy trong 3 ngay, lam bay hoi chit d& bay hoi dudi ap suét
giam, va tach phdn can bing RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén
40% axetonitril/0,2% axit trifloaxetic trong nudc). Lam bay hoi cac phan doan san

phdm dé thu dugc 19mg hop chit néu & dé muc nay (21% theo Iy thuyét).
LC-MS (phuong phap 2): R¢= 0,77 phut; MS (ESIduong): m/z = 466 (M+H)"

'H-NMR (400 MHz, DMSO-de): & = 7,99 (s, 1H), 7,75-8,11 (br, s, 1H), 7,68 (s, 1H),
7,38 (s, 1H), 7,31 (s, 1H), 6,84 (s, 1H), 5,51-5,82 (m, 1H), 4,77 (s, 2H), 3,95 (s, 3H),
3,55 (s, 2H), 3,31 (s, 3H), 3,04 (br, s, 2H), 2,85 (s, 2H), 2,42-2,48 (m, SH) ppm.

Vidu 127

4-{[4-Amino-7-(etoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1-
f][1,2,4]triazin-6-ylJmetyl} piperazin-2-on
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Xt 1y huyén phu chira hop chét cia vi du 125 (100mg, 221pmol) trong
diclometan (10ml) bang thionyl clorua (161pl, 2,21mmol), va khudy hdn hop & nhiét
d6 trong phong trong 30 phut. Thém etanol vao va lam bay hoi chit dé bay hoi dudi ap
sult giam. Hoa tan phén cin trong etanol (10ml), thém natri etylat (30mg, 442pmol)
vao va khudy hdn hop & nhiét do trong phong trong 1 gid. Sau d6, tach truc tiép hdn
hop bing RP-HPLC diéu ché (Reprosil C18, gradient tir 20 dén 40% axetonitril/0,2%
axit trifloaxetic trong nuéc). Gom cac phan doan san phdm va kiém hoa nho bd sung
dung dich nuédc natri bicacbonat bao hoa. Chiét dung dich bing etyl axetat, va rira 16p
hitu co bing nudc mudi, lam khd trén magie sulfat va lam bay hoi dé thu dugc 57mg

hop chét néu & d& muc nay (54% theo Iy thuyét).
LC-MS (phuong phap 2): R = 0,85 phut; MS (ESIduong): m/z = 480 (M+H)"

"H-NMR (400 MHz, DMSO-d¢): 8 = 7,99 (s, 1H), 7,75-8,09 (br, s, 1H), 7,64-7,71 (m,
1H), 7,38 (s, 1H), 7,31 (s, 1H), 6,84 (s, 1H), 5,38-5,91 (br, s, 1H), 4,81 (s, 2H), 3,95 (s,
3H), 3,49-3,59 (m, 4H), 2,99-3,08 (m, 2H), 2,86 (s, 2H), 1,12 (t, 3H) ppm.

B. Su danh gia hoat tinh sinh hoc

Cac chir viét tat va tu viét tat:

Ahx axit 6-aminohexanoic

ATP adenosin triphosphat

BSA albumin huyét thanh bo

CREB protein gén két nhan t6 phan img AMP vong
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DMSO dimetylsulfoxit

EDTA axit etylendiamintetraaxetic

EGTA axit etylenglycol-bis(2-aminoetylete)-N, N,N', N'-tetraaxetic

FBS huyét thanh bao thai bo

FGF yéu t4 sinh truéng nguyén bao soi

FGFR thu thé yéu t6 sinh truong nguyén bao soi

GFP protein phat huynh quang xanh luc

GST glutathion S-transferaza

HEPES axit 4-(2-hydroxyetyl)piperazin-1-etansulfonic

HRTF sw huynh quang phén giai theo thoi gian ddng nhét

MOPS axit 3-(N-morpholino)propansulfonic

mTOR dich dong vat c¢6 va cia Rapamycin

PBS dung dich mudi dém phosphat

PI3K phosphatidylinositol 3-kinaza

RTK tyrosin kinaza thy thé

SNP dang da hinh nucleotit don 1é

TR-FRET su chuyén nang luong cong hudng huynh quang dugc phan
giai theo thoi gian

VEGF yéu td sinh truéng ndi md mach

VEGFR thu thé yéu t sinh truéng ndi md mach

Viéc chirng minh hoat tinh ctia cac hop chit theo sang ché c6 thé dwoc thuc hién
thong qua cac thir nghiém in vitro, ex vivo, va in vivo ma da dugc biét dén trong linh
vuc nay. Vi du, dé chimg minh hoat tinh clia cac hop chét theo sang ché, cac thir

nghiém sau day co6 thé dugc sir dung.
B-1. Thit nghiém ATP kinaza & mic cao wc ché FGFR-1

Hoat tinh rc ché FGFR-1 & ndng d6 ATP cao cta cac hop chit theo sang ché
sau khi 0 so b bang FGFR-1 dugc dinh lugng bing cach dung thir nghiém ATP & mitc
cao FGFR-1 dua trén TR-FRET nhu dugc md ta trong cac doan sau day:
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Protein dung hgp FGFR-1 dugc tao tag tai td hop [su dung hop cua glutathion-
S-transferaza (GST) (d4u cudi N), His6-tag, vi tri tach thrombin va phén ndi bao cua
FGFR-1 clia ngudi tir cAc axit amin tir G400 dén R800 nhu trong sb luu trit GenBank
NM_015850], dugc biéu hién & té bao con trang SF9 bing cach sit dung hé biéu hién
baculovirut va dugc tinh ché qua sic ky ai luc glutathion-agaroza, dwgc mua cua
Proginase (san phim s6 0101-0000-1) va dugc st dung lam enzym. D&i véi co chit
dung cho phan ung kinaza, peptit dugc biotinyl hoa biotin-Ahx-AAEEEYFFLFAKKK
(du tan cing C & dang amit) duoc st dung ma c6 thé duge mua, vi dy, tir Biosyntan

(Berlin-Buch, Germany).

Théng thuong, cac hop chét thir nghiém dwoc thir nghiém trén cung dia vi
chudn & 11 ndng d6 khac nhau trong khoang ttr 20uM dén 0,1nM (vi du 20uM, 5,9uM,
1,7uM, 0,51uM, 0,15uM, 44nM, 13nM, 3,8nM, 1,1nM, 0,33nM, va 0,1nM) theo hai
ban sao dbi v4i mdi ndng d9. Cac day pha loang dugc tao ra theo cch riéng biét trudc
thir nghiém do dung dich gbc dwoc ¢6 dic gip 100 1an trong DMSO; cac ndng dd
chinh xac c6 thé thay déi phu thudc vao bd dng hut duge st dung. Pbi véi thir nghiém,
50n1 ciia mdi dung dich gbc chira hop chit thir nghiém trong DMSO dugc nhé giot vao
dia vi chudn 384 giéng thé tich nhd mau den (Greiner Bio-on, Frickenhausen,
Germany). Thém 2pul dung dich chira protein dung hgp FGFR-1 trén ddy trong chét
dém thr nghiém dang nudc [8mM MOPS d6 pH=7,0, 10mM magie axetat, 1,0mM
dithiothreitol, 0,05% (trong lwong/thé tich) albumin huyét thanh bo (BSA), 0,07% (thé
tich) Tween-20, 0,2mM EDTA] vao va & hdn hop trong 15 phut & 22°C d cho phép sur
gén két trude cua hop chét thir nghiém vao enzym. Sau d6, phan tng kinaza duoc bt
du nho viée bd sung 3pul dung dich chira adenosin triphosphat (ATP, 3,3mM; ndng 4
cudi cung trong 5pl thé tich thir nghiém = 2mM) va co chit (0,16pM; ndng d6 cubi
cung trong 5ul thé tich thir nghiém = 0,1pM) trong chét dém thir nghiém va i hdn hop
thu dugc trong thoi gian phan tng 15 phit & 22°C. Nong dd cia protein dung hop
FGFR-1 dugc diéu chinh phu thudc vao hoat tinh clia nhom enzym va dwgce chon mot
cach thich hop dé co thir nghiém trong khoang tuyén tinh (ndng d6 thong thudng 1a
trong khoang 0,05pug/ml). Phan img dugc két thic nho viée bd sung 5ul dung dich
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chira thudc do HTRF [25nM streptavidin-XL665 (Cis Biointernational) va 1nM PT66--
Eu-chelat, khang thé khang phosphotyrosin dwoc danh diu europi-chelat (Perkin--
Elmer; PT66-Tb-cryptat tr Cis Biointernational c6 thé dwoc st dung thay thé), trong
dung dich EDTA trong nudc (50mM EDTA, 0,1% (trong lwong/thé tich) BSA trong
50mM HEPES/NaOH 46 pH=7,5)].

U hdn hop thu dugc trong 1 gio & 22°C dé hinh thanh phirc hé giira peptit dugc
biotinyl hoa dugc phosphoryl hoa va thubc do. Tiép theo, lwgng chit duge phosphoryl
hoa dugc danh gia nhd viée xac dinh sy truyén ning luong cong hudng tir Eu-chelat
dén streptavidin-XL665. Pi voi muc dich nay, sy phat huynh quang & 620nm va
665nm sau khi kich thich & 350nm duoc do trong bd doc TR-FRET [vi du Rubystar
(BMG Labtechnologies, Offenburg, Germany) hodc Viewlux (Perkin-Elmer)]. Ty 1&
phat xa & 665nm va & 620nm dugc liy lam thuéc do cho lugng co chét dugce
phosphoryl hoa. Céc dit liéu dugc chuin hoa (phan ng enzym ma khong c6 chit tc
ché = trc ché 0%, tit ca cac thanh phan thir nghiém khac nhung khong cd enzym = {ic
ché 100%) va gia tri ICso dugc tinh toan bang didu chinh 4 tham sd bang cach sir dung

phan mém ndi bo.

Céc gia tri ICso d6i v6i timg hop chét riéng 18 clia sing ché tir thir nghiém nay

dugc liét ké trong bang 1A dudi day:

Bang 1A
Vi du sb FGFR-1 (ATP & Vi du s6 FGFR-1 (ATP &

mirc cao) mirc cao)
ICs0 [nM] ICso [nM]

1 12,2 7 4,2

2 7,2 8 9,4

3 6,6 9 31,0

4 13,7 10 12,7

5 4,6 11 6,5

6 9,0 12 3,3
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Vi du sb FGFR-1 (ATP ¢
mirc cao)
ICso [nM]
13 2,5
14 1,4
15 1,0
16 12,5
17 0,9
18 0,7
19 0,5
20 25,0
21 4,2
22 0,9
23 17,9
24 1,3
25 0,7
26 0,9
27 1,3
28 2,1
29 1,6
30 2,8
31 1,5
32 5,2
33 1,0
34 6,0
35 61,3
36 3,0
37 22,1
38 6,9
39 1,1
40 2,1
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Vi du sb FGFR-1 (ATP ¢
mirc cao)
ICso [nM]
41 2,8
42 5,1
43 8,6
44 2,1
45 3,4
46 3,2
47 1,7
48 12,8
51 4,4
52 9,7
53 3,9
54 11,2
56 2,4
57 3,2
58 6,8
59 3,8
60 16,2
61 0,5
62 3,1
64 1,0
65 5,6
66 1,6
67 5,0
68 27,0
69 55,3
70 39,1
71 2,7
72 1,4
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Vidusé | FGFR-1(ATP & Viduss | FGFR-1(ATP &
mirc cao) mirc cao)
ICso [nM] ICso [nM]

73 4.4 101 30,8
74 4,0 102 39,2
75 4,1 103 50,3
76 2,8 104 5,6
77 1,4 105 8,7
78 1,7 106 6,4
79 12,6 107 9,4
80 1,3 108 3.9
81 1,9 109 8,4
82 3,4 110 17,5
&3 14,5 111 27,0
84 3,7 112 42,1
85 26,4 113 52,7
86 3,9 114 11,2
87 14,1 115 249
88 79,6 116 3,7
89 82,9 117 8,8
90 9,9 118 6,8
91 52,9 119 9,0
92 8,2 120 6,8
93 5,5 121 8,2
94 81,9 122 18,9
95 17,0 123 25,1
96 54,5 124 273
97 16,4 125 5,0
98 17,0 126 3,9
99 24,8 127 8,0
100 54,5
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Céac din xuét 8-amino-1-(benzothiophen-2-yl)imidazo[1,5-a]pyrazin dugc chon
va cac hop chit c6 lién quan ma dugc xem 1a dai dién clia ky thuét gin nhit (xem cong
b6 don sang ché qudc t& s6 WO 2007/061737-A2 va vi du cac hop chit dugc mo ta
trong d6) dugc téng hop theo cac quy trinh duoc cong bd va ciing dugc thir nghiém
trong thir nghiém ATP & mitc cao FGFR-1 nhim muc dich dé so sanh. Cac gia tri ICso

thu dugc d6i véi cac hop chét nay dwoc liét ké trong bang 1B dudi day:

Bang 1B

CAu triic ctia hop chitso | Vidusb trong | FGFR-1 (ATP &

sanh WO mirc ¢ao)
2007/061737 ICso [nM]
4 12000
5 500
25 880
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Céu trac ciia hop chit so

Vi du s6 trong

FGFR-1 (ATP ¢

sanh WO mirc cao)
2007/061737 ICso [nM]
120 985
NH, S
NZ =
&Ng
o 205 20000
(0]
NH, )0
NZ =
&»g
210 456
o\
NZ =
K/N\g
233 4600
Cl
NH, S

Céc gia tri ICso duge xac dinh rd trong bang 1A va 1B chimg minh rang cac hop

chét theo sang ché ¢6 hiéu lyc hon khoang tir ndm dén mot nghin lan trong viéc &rc ché

hoat tinh FGFR-1 kinaza so v&i hop chit da biét dugc chon.
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B-2. Thu nghiém FGFR-3 kinaza

Hoat tinh (rc ché FGFR-3 ctia cac hop chit theo sang ché sau khi 11 so bd ching
bing FGFR-3 dugc dinh luong bang cach dung thir nghiém FGFR-3 dya trén TR-

FRET nhu dugc md ta trong cac doan sau day:

Protein dung hgp FGFR-3 dugc tao tag tai td hop [su dung hop cia glutathion-
S-transferaza (GST) (du cudi N), His6-tag, vi tri tach thrombin va phan ndi bao clia
FGFR-3 clia ngudi tir cac axit amin tir R397 dén T806 nhu trong luu trit NCBI/Protein
NP_000133.1], dugc bidu hién & t& bao con tring SF9 bang cach st dung hé biéu hién
baculovirut va duoc tinh ché qua séc ky ai luc glutathion-S-transferaza, dugc mua tir
Proginase (san phdm s 1068-0000-1) va dugc st dung 1am enzym. Déi véi chit phan
tmg dung cho phan Ung kinaza, peptit dugc biotinyl hoa biotin-Ahx-
AAEEEYFFLFAKKK (ddu tin cing C & dang amit) dugc sit dung, né cb thé dugc

mua, vi du, tr Biosyntan (Berlin-Buch, Germany).

Thong thuong, cac hop chit thir nghiém dugc thr nghiém trén cung dia vi
chuén & 11 ndng dd khac nhau trong khoang tir 20uM dén 0,1nM (vi du 20pM, 5,9uM,
1,7uM, 0,51pM, 0,15uM, 44nM, 13nM, 3,8nM, 1,1nM, 0,33nM, va 0,1nM) theo hai
14n d6i voi mdi ndng d6. Cac day pha lodng dugc tao ra theo cach riéng biét trude thir
nghiém do dung dich gbc duogc cd dic gép 100 1an trong DMSO; cac ndng dd chinh
xac ¢6 thd thay ddi phu thudc vao bd dng hiit duge sir dung. Déi voi thir nghiém, 50nl
ctia mdi dung dich gbc chira hop chét thir nghiém trong DMSO dugc nho giot vao dia
vi chuén 384 giéng thé tich nho mau den (Greiner Bio-on, Frickenhausen, Germany).
Thém 2pl dung dich chira protein dung hop FGFR-3 trén déy trong chit dém thi
nghiém trong nudc [8mM MOPS do pH=7,0, 10mM magie axetat, 1,0mM dithio-
threitol, 0,05% (trong luong/thé tich) albumin huyét thanh bo (BSA), 0,07% (trong
lwong) Tween-20, 0,2mM EDTA] vao va u hdn hgp trong 15 phut & 22°C dé cho phép
viéc gin két trudc cta hgp chat thir nghiém véi enzym. Sau d6, phan ung kinaza dugc
bat ddu nho viéc bd sung 3pl dung dich chira adenosin triphosphat (ATP, 16,7uM;
ndng do cudi cing trong 5pul thé tich thir nghiém = 10pM) va chét nén (0,8pM; ndng
d6 cubi clng trong 5pl thé tich thir nghiém = 0,5uM) trong chét dém thtr nghiém va 0
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hén hop thu dugc trong thoi gian phan (mg 60 phut & 22°C. Nong d6 cia protein dung
hop FGFR-3 dugc diéu chinh phu thudc vao hoat tinh cia nhom enzym va duge chon
mdt cach thich hop dé co thir nghiém trong khoang tuyén tinh (ndng do thong thuong
la trong khoang 0,03pg/ml). Phan tmg dugc két thuc nho viée bd sung 5ul dung dich
chira thuéc do HTRF [100 nM streptavidin-XL665 (Cis Biointernational) va 1nM
PT66-Tb-cryptat, khang thé khang phosphotyrosin dugc danh du terbium-cryptat (Cis
Biointernational; PT66-Eu-chelat tir Perkin-Elmer c6 thé dugc st dung thay thé), trong
dung dich nuéc EDTA (50mM EDTA, 0,1% (trong lugng/thé tich) BSA trong 50mM
HEPES/NaOH d¢ pH=7,5)].

U hdn hop thu dugc trong 1 gio & 22°C dé hinh thanh phirc hé giira peptit dugc
biotinyl hoa dugc phosphoryl hoa va thudc do. Tiép theo, lwong chit duge phosphoryl
hoa dugc danh gia nho viée x4c dinh viée truyén nang lwong cong hudng tir Tb-chelat
dén streptavidin-XL665. Pdi voi muc dich ndy, s phat xa huynh quang & 620nm va
665nm sau khi kich thich ¢ 350nm dugc xac dinh trong bd doc TR-FRET [vi du
Rubystar (BMG Labtechnologies, Offenburg, Germany) hodc Viewlux (Perkin-
Elmer)]. Ty 1& clia sy phat xa & 665nm va & 620nm dugc ldy 1am thuéc do cho lugng
co chit dugc phosphoryl hoa. Céc dit liéu dugc chudn hoa (phan tmg enzym ma khong
c¢6 chit (rc ché = trc ché 0%, tit ca cac thanh phan thir nghiém khac nhung khéng c6
enzym = (rc ché 100%) va cac gia tri ICso dugc tinh toan theo didu chinh 4 tham sb

bang cach st dung phan mém ndi bd.

Céc gia tri ICso dbi voi cac hop chat riéng ré clia sang ché tlr thr nghiém nay

duoc liét ké trong Bang 2A dudi ddy:

Bang 2A
Vi du s6 FGFR-3 ICs Vi du sb FGFR-3 ICso
[nM] [nM]
1 24,8 4 24,8
2 29,4 5 12,1
3 46,6 6 28,5
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Vi du s6 FGFR-3 ICs
[nM]
7 10,4
8 17,7
9 63,9
10 8,3
11 13,0
12 14,0
13 10,0
14 2,5
15 1,0
16 9,4
17 3,3
18 2,8
19 2,7
20 26,1
21 13,0
22 4,7
23 41,9
24 5,7
25 5,2
26 4,9
27 12,6
28 9,7
29 2,5
30 6,4
31 13,3
32 52,3
33 7,2
34 10,5
35 65,4
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Vi du sb FGFR-3 ICs
[nM]
36 9,8
37 34,6
38 18,8
39 4,9
40 7,9
41 7,2
42 18,4
43 32,4
44 6,1
45 9,7
46 8,1
47 3,4
48 45,4
51 3,9
52 7,0
53 2,5
54 6,8
56 2,0
57 1,8
58 9,8
59 6,8
60 77,9
61 0,9
62 11,0
64 2,9
65 3,1
66 3,7
67 9,4
68 42,7
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Vi du sé FGFR-3 ICs
[nM]
69 58,1
71 5,4
72 0,7
73 12,2
74 1,4
75 19,8
76 1,4
77 3,8
78 2,0
79 17,9
80 0,2
81 0,5
82 16,0
83 2,1
84 16,5
85 26,0

Céac din xuét 8-amino-1-(benzothiophen-2-yl)imidazo[1,5-a]pyrazin duoc chon
va cac hop chét co lién quan ma dwoc coi 14 dai dién cta ky thuat gin nhit (xem cong
b6 don sang ché qubc t& s6 WO 2007/061737-A2 va vi du cac hop chét duge md ta
trong d6) dugc tdng hop theo cac quy trinh duge cong bd va ciing duge thir nghiém

trong thir nghiém FGFR-3 nhim muc dich dé so sanh. Céc gia tri ICso ma thu dugc dbi

Vi du sb FGFR-3 ICs
[nM]
86 6,8
87 28,1
90 11,0
91 31,1
93 8,7
95 28,7
98 26,5
99 36,9
102 39,8
106 7,1
107 17,4
108 7,7
114 9,6
117 5,3
119 4,5
121 24,6

vdi cac hop chét nay duoc liét ké trong bang 2B dudi day:

Bang 2B

Cau truc cua hgp chat so

sanh

Vi du sb trbng
WO
2007/061737

FGFR-3
ICso [nM]
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Chu trac caa hop chitso | Vidu sb trong FGFR-3
sanh WO ICso [nM]
2007/061737
4 2400
S 5 250
NH \ NH
NZ =
gi
25 1200
NH, N\_NH
NZ = N
K/N%szCI
N
120 506
NH2 \ S
NZ =
K/N\g
o 205 20000
(0]
NH, O
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Céu tric cia hop chitso | Vi du sb trong FGFR-3
sanh WO ICs0 [nM]
2007/061737
210 554
:: \ s
N7 =
K/N\E/N
233 10000
Cl
NH, \_s
N7 =
gﬁ

Céc gia tri ICso duoc xac dinh rd trong Bang 2A va 2B chimg minh ring cac
hop chét theo sang ché ¢ hidu luc hon tir ba dén médt nghin 13n trong viéc tc ché hoat

tinh FGFR-3 kinaza so v&i cac hop chét trong k¥ thuat nay duogc chon.
B-3. Thir nghiém ATP & mirc cao trc ché FGFR-4

Hoat tinh {rc ché FGFR-4 ¢ ndng d6 ATP & mirc cao clia cac hop chit theo sang
ché sau khi 0 so bd chiing bing FGFR-4 dugc dinh luong bing cach dung thir nghiém
ATP & mirc cao tc ché FGFR-4 dva trén TR-FRET nhu duoc mé ta trong cac doan sau
day:

Protein dung hop FGFR-4 dugc tao tag tai t5 hop [su dung hop cia glutathion-
S-transferaza (GST) (d4u cudi N), His6-tag, vi tri tach thrombin va phan ndi bao cla
FGFR-4 cia ngudi tir cac axit amin tir R391 dén T802 nhu sb Iuu trit GenBank
NM_002011], dwoc bidu hién & té bao con tring SF9 bing cach s dung hé biéu hién
baculovirut va dugc tinh ché qua sic ky ai luc glutathion-agaroza, dugc mua tir
Proginase (san phdm s 0127-0000-3) va dugc st dung 1am enzym. D6i véi chét ding

cho phan ng kinaza, peptit dugc biotinyl hoa biotin-Ahx-AAEEEYFFLFAKKK (d4u
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tan cing C & dang amit) dugc sir dung ma co thé dugc mua, vi du, tir Biosyntan

(Berlin-Buch, Germany).

Théng thuong, cac hop chét thir nghiém duogc thir nghiém trén cung dia vi
chudn & 11 ndng dd khac nhau trong khoang tir 20uM dén 0,1nM (vi du 20uM, 5,9uM,
1,7uM, 0,51uM, 0,15uM, 44nM, 13nM, 3,8nM, 1,1nM, 0,33nM, va 0,1nM) theo hai
lan d6i voi mdi ndng d6. Cac day pha lodng dugc tao ra theo cach riéng biét truée thir
nghiém do dung dich gbc dugc c6 dic gp 100 1an trong DMSO; ndng d6 chinh xac c6
thé thay dbi phu thudc vao bd dng hit dugc sir dung. Di voi thir nghiém nay, 50nl cia
mdi dung dich gbc chira hop chit thir nghiém trong DMSO dugc nhd giot vao dia vi
chuin 384 giéng thé tich nho mau den (Greiner Bio-on, Frickenhausen, Germany).
Thém 2pl dung dich chira protein dung hop FGFR-4 trén ddy trong chit dém thir
nghiém dang nudc [8mM MOPS d6 pH=7,0, 10mM magie axetat, 1,0mM dithio-
threitol, 0,05% (trong lwong/thé tich) albumin huyét thanh bo (BSA), 0,07% (thé tich)
Tween-20, 0,2mM EDTA] vao va t hdn hop trong 15 phat ¢ 22°C dé gin két trudc
hop chét thir nghiém v6i enzym. Sau d6, phan (g kinaza dugc bit diu nho viéc bd
sung 3ul dung dich chira adenosin triphosphat (ATP, 3,3mM; ndng o cudi cung trong
5ul th8 tich thir nghiém = 2mM) va chit nén (0,8uM; ndng d¢ cudi clng trong Sul thé
tich thir nghiém = 0,5uM) trong chit dém thir nghiém, va G hén hgp thu dugc trong
thoi gian phan ng 60 phit & 22°C. Piéu chinh ndng d6 cia protein dung hop FGFR-4
phu thudc véao hoat tinh ctia ciia nhém enzym va dugc chon mét cach thich hop dé co
thir nghiém trong khoang tuyén tinh (néng do thong thuong la trong khoang
0,03pg/ml). Phan (mg dugc két thic nho viéc bd sung Sul dung dich chira thudc do
HTRF [100nM streptavidin-XL665 (Cis Biointernational) va 1InM PT66-Tb-cryptat,
khang thé khang phosphotyrosin dugc danh déu terbium-cryptat (Cis Biointernational;
PT66-Eu-chelat tr Perkin-Elmer c6 thé duoc sir dung thay thé), trong dung dich EDTA
dang nudc (50mM EDTA, 0,1% (trong luong/thé tich) BSA trong 50mM
HEPES/NaOH do pH=7,5)].

U hén hop thu dugce trong 1 gid' & 22°C @ hinh thanh phirc hé gifra peptit dugc
biotinyl hoa dugc phosphoryl hoa va thude do. Tiép theo, lwgng chét duge phosphoryl
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hoa dugc danh gia nho viéc xac dinh su truyén ning luong cong hudng tir Tb-chelat
dén streptavidin-XL665. Dbi voi muc dich nay, sy phat xa huynh quang & 620nm va
665nm sau khi kich thich ¢ 350nm duogc xac dinh trong bd doc TR-FRET [vi du
Rubystar (BMG Labtechnologies, Offenbufg, Germany) hodc Viewlux (Perkin-
Elmer)]. Ty 1& cua sy phat xa & 665nm va & 620nm duoc ldy lam sb do ddi véi luong
chét dugc phosphoryl hoa. Cac dit liéu dugc chuin hoa (phan mg enzym ma khong c6
chét (rc ché = trc ché 0%, tt ca cac thanh phén thir nghiém khac nhung khong co
enzym = tc ché 100%), va cac gia trj ICso dwoc tinh toan theo didu chinh 4 tham s

bing cach sir dung phan mém ndi b9.
B-4. Thir nghiém mTOR kinaza (nhdm muc dich so sanh)

Hoat tinh rc ché mTOR cua cac hop chit theo sang ché duoc dinh lwong bang
cach dung thir nghiém mTOR dya trén TR-FRET nhu dugc md ta trong cac doan sau
day:

Protein mTOR dugc tao tag dung hop tai tb hop [glutathion-S-transferaza (GST)
duoc dung hop véi cac axit amin mTOR clia ngudi tir 1360 dén 2549], dugc biéu hién
& t& bao con trung va tinh ché bang sic ky ai luc glutathion-sepharoza, dugc mua tir
Invitrogen (Cat.-No. 4753) va dugc sit dung 1am enzym. Ddi v6i chét nén ding cho
phan Ung kinaza, protein dung hop tai t5 hgp cia GFP va 4E-BP1 (dugc mua tir
Invitrogen, Cat.-No. PV4759) dugc str dung.

Cac hop chét thir nghiém dugc hoa tan trong DMSO dé tao ra 10mM dung dich
gbc. Céac dung dich nay dau tién dugc pha lodng gip 10 1in bang 100% DMSO d thu
dugc 1mM dung dich trong 100% DMSO, sau d6 dugc pha loang glp 100 14n bing
50% DMSO dé thu duoc 10pM dung dich trong 50% DMSO.

Péi véi thr nghiém nay, nho giot 0,5ul dung dich 10uM chira hop chét thir
nghiém trong 50% DMSO vao dia vi chuén 384 giéng thé tich nhd mau den (Greiner
Bio-on, Frickenhausen, Germany). Thém 2ul dung dich chira protein dung hgp mTOR
trén day trong chit dém thir nghiém dang nuéc [S0OmM HEPES/NaOH d6 pH=7,5,
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SmM magie clorua, 1,0mM dithiothreitol, ImM EGTA, 0,01% (thé tich) Triton-X100,
0,01% (trong lwong/thé tich) albumin huyét thanh bo (BSA)] vao va u hdn hop trong
15 phut & 22°C dé gén két trudc hop chét thir nghiém v6i enzym. Sau do6, phan tng
kinaza dwgc bit ddu nho viéc bd sung 2,5ul dung dich chira adenosin triphosphat
(ATP, 80uM; ndng d6 cubi cung trong 5pl thé tich thir nghiém = 40uM) va chét nén
(0,6uM; ndng dd cubi cing trong 5pl thé tich thir nghiém = 0,3pM) trong chét dém thir
nghiém, va i hdn hop thu dugc trong thoi gian phan tmg 60 phut & 22°C. Néng d6 cua
protein dung hop mTOR dugc chon mdt cach thich hgp dé ¢ thir nghiém trong
khoang tuyén tinh (ndng d6 cudi cung thong thuong trong 5pl thé tich thir nghiém la
1,25ng/ul). Phan tmg dugc két thic nho viée bd sung 5ul 30mM EDTA (ndng d6 cudi
cung trong 10pl thé tich thir nghiém = 15mM) va 2nM khang thé dic hiéu phospho
[pT46] khang 4E-BP1 dwgc danh diu Tb-chelat [Invitrogen Cat.-No. PV4755] (ndng
d6 cubi cung trong 10p1 thé tich thir nghiém = 1nM) trong chit dém FRET.

U hén hop thu dugc trong 1 gid & 22°C dé hinh thanh phirc hé gitra chit nén
duoc phosphoryl hoa va khang thé dugc danh diu Tb-chelat. Tiép theo, lugng ctia chit
duoc phosphoryl hoa duwoc danh gia nho viéc xac dinh sy truyén ning luong cong
hudng tir Tb-chelat dén GFP. Déi voi muc dich nay, su phat huynh quang & 495nm va
520nm sau khi kich thich & 340nm dwogc xac dinh trong bd doc da danh ddu Envision
2104 (Perkin-Elmer). Ty 1& cuia sy phat xa & 520nm va & 495nm duoc ldy lam thuéc do
cho lwong co chét dwoc phosphoryl hoa. Cac dit liéu duge chuén hoa (phan ng enzym
ma khoéng c6 chét e ché = &rc ché 0%, tit ca cac thanh phan thir nghiém khac nhung
khong c6 enzym = tc ché 100%) va gia tri trung binh (néu dugc thir nghiém theo hai
1an & ndng @6 don 18) hodc gia tri ICso (bang didu chinh 4 tham s bang cach sit dung

phin mém ndi bd) dugce tinh toan.

Gia tri rc ché trung binh & 1pM dbi véi timg hop chét riéng ré clia sang ché

duoc liét ké trong bang 3 duoi day:

Bang 3
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Vi du s6 mTOR Vi du sé mTOR
% irc ché & 1 pM % trc ché & 1 pM
1 8,7 30 21,1
2 7,2 31 16,3
3 8,2 32 1,6
5 9,7 33 0,9
6 0,3 34 25,9
7 3,1 35 1,4
8 7,8 36 14,4
9 khong ik ché, khiém 37 8,6
khuyét tac dung, 38 20,8
10 6,0 39 11,5
11 33,2 40 0,1
12 25,8 41 khéng vec ché, khiém
13 14,9 khuyét tac dung,
14 15,7 42 khong ke ché, khiém
16 36,9 khuyét tac dung,
17 6,7 43 10,1
18 khéng ke ché, khiém 44 13,3
khuyét tac dung, 45 155
19 17,6 46 11,0
20 31,3 47 14,7
21 5,0 48 4,1
22 17,6 51 8,4
23 11,6 52 4,2
24 6,3 53 33
25 3,5 54 1,7
26 6,8 56 16,1
27 5,9 57 2,0
28 khong ke ché, khiém 58 4,0
khuyét tac dung, 59 0,8
29 28,5
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Vi du s6 mTOR Vi du s6 mTOR
% trc ché & 1 pM % trc ché & 1 pM

60 11,1 82 7,1
61 15,9 83 6,3
62 0,2 84 9,1
64 1,1 85 0,9
65 13,9 87 12,7
66 15,8 88 5,3
67 8,4 89 khéng ke ché, khiém
68 8,0 khuyét tac dung,
69 8,7 93 12,5
70 58 98 khéng tec ché, khiém
71 0,1 khuyét tac dung,
72 8,2 99 53
73 18,5 103 khong ke ché, khiém
74 18,6 khuyét tac dung,
75 10,2 107 khéng vkc ché, khiém
76 8,5 khuyét tac dung,
77 0,7 108 8,5
78 5.8 119 khong ikc ché, khiém
79 14,7 khuyét tac dung,
80 3.9 121 khong vec ché, khiém
81 4,1 khuyét tac dung,

(khong tc ché khiém khuyét tac dung = khéng co tac dung tc ché phat hién dugc &
1uM).

Céc dit lidu trong bang 3 thé hién ring cic hop chit theo sang ché chi cd tac
dung trc ché yéu, néu co, dbi véi mTOR kinaza ma khong thé coi 13 c6 hoat tinh duoc

Iy quan sat dugc véi cac hop chit nay.

-238-



20601

B-5. Uc ché sy ting sinh té bao qua trung gian yéu td sinh truéng

Té bao ndi mé tinh mach rén cia ngudi (HUVEC) thu dugce tir Cellsystems (FC-
0003) va dugc sinh truong trong mdi treong hoan thién Vasculife VEGF (Cellsystems,
LL-1020) chira 2% huyét thanh bao thai bo (FBS) & 37°C va 5% CO2. Té bao dugc sir

dung cho thir nghiém ting sinh té bao 1én t6i 1an ciy chuyén thir 7.

Té bao HUVEC duoc thu hoach bﬁng cach su dung accutaza (PAA, L11-007)
va cdy trong cac hang doc tir 2 dén 12 cua dia 96 15 (dia nudi cdy mo day bang 96 13
Falcon MICROTEST, BD 353075, ho#dc dia p.tCLEAR-PLATE, 96 16 mau den, Greiner
Bio-on, No. 655090) & mat do t& bao 2500 té bao/16 trong 100p] mdi trudng hoan thién
Vasculife VEGF v&i hang doc 1 van dé tréng. Té bao dugc 1 & 37°C va 5% CO> trong
it nhét 6 gio. Sau do, té bao dugc rira mot 14n bang PBS va dé d6i qua dém trong moi
truong co ban Vasculife (Cellsystems, LM-0002) chira heparin, ascorbat va L-glutamin
(cac thanh phan cta Vasculife Life Factors Kit, Cellsystems, LL-1020) cling nhu 0,2%
FBS.

Sau khoang 18 gi0, loai bé méi truong cho doi va té bao dugc tiép xtc trong 72
gio v6i ndng d6 9 log lién tiép hodc nira log ctia hop chit thir nghiém trong khoang tir
10pM dén 30pM va dén 5, 10 hodc 20ng/ml hFGF-2 (FGF co ban tai td hop clia ngudi,
R&D Systems, 233-FB) trong 100pl méi trudng déi. Pha loing 10mM dung dich gbc
chita hop chét thir nghiém DMSO dén 200 x ndng d6 cudi cting trong DMSO dan dén
ndng d6 DMSO cubi cung 14 0,5% trong tét ca cac 18. Cac miu dbi chig gdm c6 té
bao chi dwoc sinh trudng trong mdi truong d6i va té bao dugc sinh trudng trong hFGF-
2 chira mdi truong doi véi 0,5% DMSO. Dé xac dinh sy ting sinh té bao, thém 5pl
dung dich Alamar Blue (Biosource, DAL1100) vao mbi 15 (ty 1& pha loang 1:20) va té
bao dugc U trong 4 gio nita & 37°C va 5% CO; trude khi x4c dinh sy phat huynh quang
(kich thich & 535nm, phat xa & 595nm) bang bd doc dia Spectrafluor Plus Tecan
(XFLUOR4 version 4.20). Trong mot sb thir nghiém, ATP Determination Kit
(BIAFFIN GmbH, LBR-T100) duoc str dung theo cac chi din clia nha san xuét. Trong

mdi thir nghiém, cac miu dugc tht nghiém ba 1an va dd 1éch chuan dugc xac dinh.
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Phén mém GraphPad Prism 5 dugc st dung dé phan tich cac dit liéu va thu duoc cac

gia tri ICso. T4t ca cac hop chét thir nghiém dwoc danh gia tir 2 dén 10 14n trong cac

thir nghiém doc 1ap va thu duoc cac két qua twong tu.

Cac dir liéu dugce liét ké trong bang 4 dudi day thé hién cac gia tri ICso dbi voi

cac hop chit dai dién clia sang ché thu dugc tir cac gia tri pICso trung binh twong tng:

Bang 4
Vidusd | swirc ché HUVEC
qua trung gian
hFGF-2 , ICso [nM]
1 16,4
4 17,5
5 53
8 9,7
10 16,0
11 150,0
13 17,0
14 25,0
16 117,3
18 10,4
21 3,7
26 56,7
34 37,3
38 2133
39 365,0
45 171,0
46 84,5
48 360,0
51 1,2
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qua trung gian
hFGF-2 , ICs [nM]
52 4,0
53 3,3
54 2,2
56 18,1
57 3,2
59 51,1
60 250,0
64 4,5
67 12,1
68 14,4
71 5,4
72 1,6
73 5,5
74 0,2
75 1,5
76 1,5
77 3,2
79 3,5
80 1,6
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Vi du s6 su irc ché HUVEC Vi du sé sw irc ché HUVEC
qua trung gian qua trung gian
hFGF-2 , ICso [nM] hFGF-2, ICso [nM]
81 1,6 85 126,0
84 46,6

Hau hét cac hop chit theo sang ché thé hién hoat tinh {rc ché giam khoang tir
muoi dén mot trim 14n trong thir nghiém ting sinh té bao nay khi yéu t6 sinh truéng
ndi md mach (ddng ding VEGF-Aes) dugc sir dung lam trung gian yéu t6 sinh truéng
(thay thé cho FGF-2), cho biét tinh chon loc dang ké cua cac hop chit nay dbi voi
FGFR so sanh véi VEGFR kinaza.

B-6. M6 hinh ghép khac loai ciia nguoi va khdi u hiép dong

Céac md hinh khdi u khac nhau duge thuc hién d& danh gia cac hop chét theo
sang ché in vivo. Té bao khdi u ctia nguoi, chudt cdng hoic chudt nhat dwoc nudi ciy
in vitro va dugc ghép vao chudt nhit thiéu hut min dich hoic c6 mién dich hosc chuét
cbng thiéu hut mién dich. Viéc diéu tri dwgc bit dau sau khi thiét lap khéi u va cac
dong vt mang khdi u dugc xir 1y bang cac chit qua cac con dudng khac nhau (qua
miéng, trong tinh mach, trong mang bung hodc dudi da). Cac chit dugc thir nghiém
nhu céc tri liéu don hogc trong liéu phap diéu tri phdi hop véi cac chit dugc 1y khac.
Viéc diéu tri cac dong vt mang khéi u dugc thue hién cho dén khi khéi u dat dén kich
¢& trung binh 120mm?2. Khéi u dwoc do theo kich thudc hai chiéu bang cach st dung
compa, va thé tich khéi u dugc tinh toan theo cong thirc (chidu dai x chidu rong?)/2.
Hiéu qua cua chit dugc danh gia khi két thic thir nghiém bang cach sir dung ty 1¢ T/C
[T = trong lwong khdi u cudi cing trong nhém dwoc didu tri; C = trong lwong khdi u
cubi cung trong nhém dbi chimg]. Y nghia théng ké clia hiéu qua giira cac nhom dbi
chimg va dugc diéu tri dwoc xac dinh bing cach st dung thir nghiém dao dong
ANOVA. Tét ca cac nghién ciru dong vat dugc thuc hién theo cac chi dn dugc quy
dinh boi German.

Mic du sang ché duge boc 1§ kém theo sy vién dan dén cac phuong an cu the,
rd rang rang cac phuong an khac va bién doi khac cla sang ché co thé dugce tao ra boi

ngudi c6 hidu biét trung binh trong linh vuc nay ma khong di tréch khoi pham vi bao
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ho cua sang ché. Cac diém yéu ciu bao hd dugc du dinh bao gém tat ca cic cac

phuong an nay va cac bién thé twong duong.
C. Vi du lién quan dén duoc phdm

Dugc phém theo sang ché ¢6 thé dugc minh hoa nhu sau:
Dung dich v6 trung dung trong tinh mach:

Dung dich chira hgp chit mong mubn cia sang ché véi ndng d6 Smg/mL c6 thé
dugc tao ra bang cach sir dung nudc vo tring ding dé tiém va do pH dugc diéu chinh,
néu can. Dung dich dugc pha lodng dé dung tir 1 dén 2mg/mL bing 5% dextroza vo

trung va dugc ding dé truyén trong tinh mach trong khoang 60 phit.

Bot dong khé dé dung trong tinh mach:

Dugc phidm v tring c6 thé duoc tao ra voi (i) tir 100 dén 1000mg hop chit
mong mubn cia sang ché & dang bdt dong khd, (i7) tir 32 dén 327mg/mL natri xitrat va
(iii) tr 300 dén 3000mg Dextran 40. Dugc phim dwogc hoan nguyén bing nudc mudi
v6 trung tiém dugc hodc 5% dextroza dén ndng do tr 10 dén 20mg/mL, dwoc pha
lodng tiép bang nudc mudi hodc 5% dextroza dén 0,2 d¢én 0,4mg/mL, va dugc dung &
dang lidu cao trong tinh mach hodc bing cach truyén trong tinh mach tir 15 dén 60

phut.
Huyén phu duing trong co:
Dung dich hozic huyén phu sau day c¢6 thé dugc tao ra dé tiém trong co:

50mg/mL hop chit khong hoa tan trong nwdc, mong mubn cla sang ché;
S5mg/mL natri carboxymetylxenluloza; 4mg/mL Tween 80; 9mg/mL natri clorua;

9mg/mL rugu benzylic.
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Nang vo cing:

Mot luong 16n vién nang dang lidu don vi dugc tao ra bang cach lam déy cac
nang gelatin cirg hai manh tiéu chuin, mdi vién nang chira 100mg hop chét dang bot

mong mudn cia sang ché, 150mg lactoza, 50mg xenluloza va 6mg magie stearat.
Nang gelatin mém:

Hbn hop gdm hop chit mong mubn clia sang ché trong dau an dwogc, nhu du
d4u trong, ddu hat bong va diu oliu, duge tao ra va dugc tiém bing bom dich chuyén
dwong vao gelatin duoc nong chay dé tao ra nang gelatin mém chira 100mg hoat chét.
Rira va lam khé vién nang. Hop chit mong mubn cla sang ché co thé duoc hoa tan
trong hdn hop gdm polyetylen glycol, glyxerin va sorbitol d& tao ra hdn hop thudc trén

14n dugc voi nude.
Vién nén:

Mot lugng 16n vién nén duge tao ra bing cac quy trinh thong thudng sao cho
don vi lifu gdbm 100mg hop chit mong mudn cla sang ché, 0,2mg silic dioxit dang
keo, Smg magie stearat, 275mg xenluloza dang vi tinh thé, 11mg tinh bot va 98,8mg
lactoza. Cac 16p phit dang nudc va khong phai dang nudc thich hop co thé dwoc dua
vao dé lam ting vi ngon, cai thién vé bé ngoai va do én dinh hodc 1am chim sy hép

thy.
Dung dich hoic huyén phu @ ding cuc bd cho mit (thude nhd mét):

Duogc phim v tring co thé duge bao ché véi 100mg hop chit mong muédn cua
sang ché & dang bot dong kho dugc hoan nguyén trong SmL nude mudi vé trung. Dé
lam chit bao quan, benzalkon clorua, thimerosal, phenyl thuy ngin nitrat hodc chét
tuong ty ¢6 thé dwoc st dung véi lugng ndm trong khoang tir 0,001% dén 1% trong

lugng.
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YEU CAU BAO HO

1. Hop chét c6 cong thirc (I):

@,
trong do:
R!  lahydro, clo, metyl hodc metoxy,
R?  lahydro hodc metoxy,
voi diéu kién rang it nht mot trong sd R! va R? khong phai 1a hydro,

G!' 1a clo, (Ci-Cy)-alkyl, (Ci-Cs)-alkoxycacbonyl, aza-heteroaryl c6 5 canh,
hodc nhom -CH»-OR3, -CH,-NR“R? hoic -C(=0)-NR*RS, trong do:

R?  la hydro, (Ci-C4)-alkyl, (C3-Cs)-xycloalkyl hodc phenyl, trong dé:

(i) (Ci-Cs)-alkyl nay tuy y duoc thé bing hydroxy, (Ci-Ca)-
alkoxy, hydroxycacbonyl, (Ci-Cs)-alkoxycacbonyl, amino,
aminocacbonyl, mono-(C;-Cy)-alkylaminocacbonyl, di-(Ci-
Cs)-alkylaminocacbonyl, (C3-Cs)-xycloalkyl hoic dén ba

nguyén tu flo,
va

(if) (C3-Cs)-xycloalkyl nay tuy y dugc thé bang mot hoic hai phan
to thé doc 1ap dwoc chon tir nhém gdm cé (Ci-Ca)-alkyl,

hydroxy va amino,
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va

(iif) phenyl nay tuy y dugc thé bing mot hodc hai phén tir thé doc
lap dugc chon tir nhém gdm co flo, clo, bromo, xyano,

triflometyl, triflometoxy, (Ci-Cs)-alkyl va (C1-Cs)-alkoxy,
la hydro hodc (Ci-Cs)-alkyl,

la hydro, (Ci-Cy)-alkyl, (C1-Cs)-alkylcacbonyl, (C3-Cs)-xycloalkyl

hoic heteroxycloalkyl ¢6 tir 4 dén 6 canh, trong do:

(i) (C1-Cs)-alkyl nay tuy y dugc thé bing hydroxy, (Ci-Ca)-
alkoxy, hydroxycacbonyl, (Ci-Cs4)-alkoxycacbonyl, amino-
cacbonyl, mono-(Ci-Cs)-alkylaminocacbonyl,  di-(Ci-Cs)-
alkylaminocacbonyl hodc (C3-Ce)-xycloalkyl,

va

(if) (C3-Ce)-xycloalkyl nay tuy y duoc thé bing mot hoic hai phan
tr thé doc 1ap dwoc chon tir nhém gdm c6 (Ci-Ca)-alkyl,

hydroxy va amino,
va

(iii) heteroxycloalkyl c6 tir 4 dén 6 canh nay tuy y duoc thé bang
mdt hodic hai phin tir thé ddc 1ap dugc chon tir nhém gom cb

(C1-Cy)-alkyl, hydroxy, oxo va amino,

la hydro, (Ci-Cs)-alkyl, (C3-Cs)-xycloalkyl hodc heteroxycloalkyl
co tir 4 dén 6 canh, trong do:

(i) (Ci-Cs)-alkyl nay tuy y dwoc thé bing hydroxy, (Ci-Cs)-
alkoxy, hydroxycacbonyl, (Ci-Cs)-alkoxycacbonyl, amino,
aminocacbonyl, = mono-(C;-Cs)-alkylaminocacbonyl,  di-

(C1-Cq)-alkylaminocacbonyl hodc (C3-Cs)-xycloalkyl,
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va

(if) (C3-Cs)-xycloalkyl ndy tuy y duge thé bing mot hoic hai phin
tr thé doc lap dugc chon tir nhém gdm cb (Ci1-Ca)-alkyl,

hydroxy va amino,
va

(iii) heteroxycloalkyl c6 tir 4 dén 6 canh nay tuy y dugc thé bang
mot hodc hai phan tir thé doc 1ap dugc chon tir nhém gdm cd

(Ci-Cs)-alkyl, hydroxy, oxo va amino,
hodc

R* va R®, hodc R* va R®, mét cach twong tmg, duoc lién két va, cing voi
nguyén tr nito ma ching gan vao, tao ra vong heteroxycloalkyl
mdt vong, no cd tir 4 dén 7 canh ma c6 thé chira nguyén tir khac
loai thr hai trén vong dwoc chon tir N(R7) va O, va n6 c6 thé dugc
thé trén nguyén tir cacbon vong bang mdt hodc hai phan tir thé doc
1ap duogc chon tir nhom gdm cé (Ci-Cs)-alkyl, oxo, hydroxy,

amino va aminocacbonyl, va trong do:

R7  lahydro, (C1-Cs)-alkyl, formyl hodc (Ci-C4)-alkylcacbonyl,

1a clo, xyano, (C1-Cs)-alkyl, hoic nhom -CR¥*R®E-OH, -CH,-NR°R!?,
-C(=0)-NR!'R? hojc -CH>-OR", trong do:

R84 va R®® doc 1ap dugce chon tir nhom gdm ¢ hydro, (Ci-Cs)-alkyl,
xyclopropyl va xyclobutyl,

R®  lahydro hodc (Ci-Cs)-alkyl,
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la hydro, (Ci-Cs)-alkyl, (Ci-C4)-alkylcacbonyl, (C3-Cs)-xycloalkyl

hoic heteroxycloalkyl cé tir 4 @én 6 canh, trong do:

() (Ci-Ca)-alkyl nay tuy y dugc thé bang hydroxy, amino, amino-
cacbonyl, mono-(C-Cs)-alkylaminocacbonyl hodc di-(Ci-Cs)-

alkylaminocacbonyl,
va

(i1) (C3-Cs)-xycloalkyl nay tuy y duoc thé bing mot hodc hai phan
tor thé doc 1ap dugc chon tir nhém gdm co (Ci-Ca)-alkyl,

hydroxy va amino,
va

(iii) heteroxycloalkyl co tir 4 dén 6 canh nay tuy y duoc thé bing
mdt hodc hai phin tr thé doc 1ap dugc chon tir nhém gdm co

(Ci-Cy)-alkyl, hydroxy, oxo va amino,
1a hydro hoac (C1-Cq)-alkyl,

la hydro, (Ci-Cs)-alkyl, (C3-Cs)-xycloalkyl hodc heteroxycloalkyl
co tir 4 dén 6 canh, trong d6:

(/) (Ci-Cs)-alkyl nay tuy y duoc thé bang hydroxy, amino, amino-
cacbonyl, mono-(Ci-Cy4)-alkylaminocacbonyl hodc di-(Ci-Cs)-

alkylaminocacbonyl,
va

(i) (C3-Ce)-xycloalkyl nay tuy y duoc thé bing mdt hoic hai phéin
tir thé doc 1ap dugc chon tir nhom gdm cb (Ci-Ca)-alkyl,

hydroxy va amino,

va
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(iif) heteroxycloalkyl c6 tir 4 d&n 6 canh nay tuy y duoc thé bing
mot hodc hai phan tir thé doc 1ap dugc chon tir nhém gdm co

(C1-Cy)-alkyl, hydroxy, oxo va amino,
hoac

R? va R!, hodc RM va R'2, mét cach tuong Ung, duoc lién két va cung
voi nguyén tir nito ma ching gin vao, tao ra vong
heteroxycloalkyl mot vong, no c6 tir 4 &n 7 canh ma c6 thé chira
nguyén tir khac loai thir hai trén vong dugc chon tr N(R'®), O, S
va S(O),, va né co thé duge thé trén nguyén tir cacbon vong dén
ba phan tir thé doc 1ap dwoc chon tir nhom gdm co flo, (C1-Ca)-

alkyl, oxo, hydroxy, amino va aminocacbonyl, va trong do:

RB  1a hydro, (Ci-Cs)-alkyl, (C3-Ce)-xycloalkyl, formyl hodc
(C1-Cy)-alkylcacbonyl,

va
RY  1a (Ci-Cy)-alkyl,
v6i diéu kién ring G' khong phai 1a clo khi G? 1a clo ho#c xyano,
hodc mudi duoc dung, hydrat va/hoic solvat cua no.
2. Hop chét c6 cong thire (I) theo diém 1, trong do:
R!  la clo, metyl hoic metoxy,
R?  1a hydro hodc metoxy,

G!  1a clo, (C1-Cs)-alkyl, (C1-Cs)-alkoxycacbonyl hodc aza-heteroaryl cO 5
canh dugc chon tir nhom gdm co pyrazolyl, imidazolyl, oxazolyl, isoxa-
zolyl va oxadiazolyl, hogc 1a nhom -CH,-OR? hogc -CH2-NRR®, trong
do:
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la hydro, (C1-Cs)-alkyl ho#c (C3-Cs)-xycloalkyl,

trong d6, (C1-Ca)-alkyl nay tuy y duoc thé bang hydroxy, (Ci-Ca)-
alkoxy, hydroxycacbonyl, (C;-Cs)-alkoxycacbonyl, amino,

aminocacbonyl, (C3-Cs)-xycloalkyl hoic dén ba nguyén tir flo,
la hydro hodc (Ci-Cq)-alkyl,

la hydro, (Ci-Ca)-alkyl, (C1-Cs)-alkylcacbonyl, (Cs-Cs)-xycloalkyl

hodc heteroxycloalkyl co 5 hodc 6 canh, trong do:

(i) (Ci-Cs)-alkyl nay tuy y dugc thé bing hydroxy, hydroxy-
cacbonyl hoac (C3-Ce)-xycloalkyl,

va

(ii) heteroxycloalkyl c6 5 hodc 6 canh nay tuy y dugc thé bing

0X0,

R* va RS duoc lién két va, cing voi nguyén tir nito ma ching gén vao, tao

va

ra vong heteroxycloalkyl mot vong, no c6 tir 4 dén 6 canh ma c6
thé chira nguyén tir khac loai thir hai trén vong dugc chon tir
N(R7) va O, va né cé thé dwgc thé trén nguyén tir cacbon vong

bang oxo hoic hydroxy, va trong do:

R7  lahydro hodc (Ci-Cs)-alkyl,

G?  la clo, xyano, (C1-Cs)-alkyl, hoic nhém -CR3AR®E-OH, -CH>-NR’R'?,
-C(=0)-NR"R? hoic -CH»-OR*, trong d6:

R8A va R8B doc 1ap dugc chon tir nhoém gdm cb hydro, (Ci-Cs)-alkyl va

xyclopropyl,
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la hydro hodc metyl,

1a hydro, (Ci-Ca)-alkyl, (C1-C4)-alkylcacbonyl, (C3-Cs)-xycloalkyl

hodc heteroxycloalkyl co 5 hodc 6 canh, trong do:

(/) (C1-Cq)-alkyl nay tuy y dugc thé bing hydroxy hodc amino-

cacbonyl,
va

(i) heteroxycloalkyl c6 5 hodc 6 canh nay tuy y dugc thé bing

0XO0,
la hydro hodc metyl,

la hydro, (Ci-Cg)-alkyl, (Cs-Cs)-xycloalkyl hodc heteroxycloalkyl

¢o 5 hodc 6 canh, trong do:
(i) (Ci-Cs)-alkyl nay tuy y duoc thé bang hydroxy,
va

(ii) heteroxycloalkyl c6 5 hodc 6 canh nay tuy y dwoc thé bing

0xo,

R® va R!, hoic R!! va R'2, mdt cach twong ing, duoc lién két va, cung

voi nguyén t nito ma ching gin vao, tao ra vong
heteroxycloalkyl mot vong, no c¢6 tir 4 dén 6 canh ma c6 thé chira
nguyén tir khac loai thit hai trén vong dugc chon tr N(R'®), O, S
va S(O)2, va né ¢ thé dugc thé trén nguyén tir cacbon vong biang
dén ba phan tir thé doc 18p duoc chon tir nhém gdm cb flo, (Ci-

C4)-alkyl, oxo, hydroxy, amino va aminocacbonyl, va trong do:
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RP®  1a hydro, (Ci-Cs)-alkyl, xyclopropyl, xyclobutyl, formyl
hodc (C1-Cq)-alkylcacbonyl,

la metyl hoac etyl,

v6i diéu kién ring G! khong phai 1a clo khi G2 1a clo hodc xyano,

hodc muoi dugc dung, hydrat va/hodc solvat cua no.

3. Hop chét co cong thirc (I) theo diém 1 hodc 2, trong do:

Rl

R2

Gl

la metyl,

la metoxy,

la metyl, oxazol-5-yl hodc nhom -CH>-OR? hodc -CH>-NR*R’, trong d6:

R3

R4

RS

hoac

1a hydro, (C1-Cs)-alkyl, xyclopropyl hodc xyclobutyl,

trong d6, (Ci-Cs)-alkyl nay tuy y dugc thé bang hydroxy, metoxy,
etoxy, hydroxycacbonyl, metoxycacbonyl, etoxycacbonyl, amino,
aminocacbonyl, xyclopropyl, xyclobutyl hoic dén ba nguyén tir

flo,
1a hydro, metyl hoic etyl,

la hydro, (Ci-Cs)-alkyl, axetyl, xyclopropyl, xyclobutyl hodc 2-
oxopyrolidin-3-yl,

trong d6, (Ci-Cs)-alkyl ndy tuy y dugc thé bing hydroxy,
hydroxycacbonyl, xyclopropyl hodc xyclobutyl,
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R* va R’ duoc lién két va, cling v&i nguyén tir nito ma chiing gén vao, tao
ra vong heteroxycloalkyl mét vong, no ¢6 5 hodc 6 canh ma c6 thé
chira nguyén tu khac loai thir hai trén vong dugc chon tr NH va
0, va né ¢6 thé duoc thé trén nguyén tir cacbon vong bing oxo

hodc hydroxy,

14 metyl hodc nhém -CR¥AR®E-OH, -CH,-NR°R'® hoic -C(=0)-NR!'R'2,

trong do:
R34 va R®B doc 1ap 1a hydro hodc metyl,
R®  lahydro,

R!® 1a hydro, (Ci-Cs)-alkyl, axetyl, xyclopropyl, xyclobutyl hoic 2-
oxopyrolidin-3-yl,

trong 0, (C1-Ca)-alkyl tuy y duoc thé bang hydroxy hodc amino-

cacbonyl,
R!'  Ia hydro hodc metyl,

R!2 1a hydro, (Ci-C4)-alkyl, xyclopropyl, xyclobutyl hodc 2-
oxopyrolidin-3-yl,

trong d0, (C1-Cs)-alkyl tuy y duge thé bang hydroxy,
hodc

R® va R hoic R!! va R'2 mét cach tuong tng, dugc lién két va, cing
voi nguyén tor nito ma ching gin vao, tao ra vong
heteroxycloalkyl mot vong, no c6 tir 4 dn 6 canh ma co thé chira
nguyén tir khac loai thr hai trén vong dugc chon tur N(R"), O va

S(0),, va né c6 thé dugc thé trén nguyén tir cacbon vong bang dén
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ba phén tir thé ddc 1ap duoc chon tir nhém gbm c6 flo, metyl, oxo,

hydroxy, amino va aminocacbonyl, va trong do:

R!3  1a hydro, formyl hoic axetyl,

hodc mudi dugc dung, hydrat va/hodc solvat cua no.

4. Hop chét c¢6 cong thirc (1) theo diém 1, 2 hoic 3, trong do:

Rl

R2

Gl

va

G2

la metyl,
la metoxy,
la nhom -CH»-OR?, trong do:

R}  1a (Ci-Cs)-alkyl nay tuy ¥ dugc thé bang hydroxy, amino hoic

aminocacbonyl,

1a nhom -CH,-NR°R!? hoic -C(=0)-NR!'R'?, trong do:
R®  lahydro,

R0 1a 2-oxopyrolidin-3-yl,

hodc

R® va R!0 dwoc lién két va, cung voi nguyén tir nito ma chiing gén vao,
tao ra vong piperazin-1-yl, 3-oxopiperazin-1-yl hodc 4-axetyl-

piperazin-1-yl,
R!!'  1a hydro,
R!?  la 2-oxopyrolidin-3-yl,

hodc
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R!! va R'? dugc lién két va, cling voi nguyén tir nito ma ching gén vao,
tao ra vong 3-hydroxyazetidin-1-yl, 4-hydroxypiperidin-1-yl hodc

3-oxopiperazin-1-yl,

hoic mubi duoc dung, hydrat va/hoic solvat clia no.

5. Hop chét theo diém bét ky trong s6 cac diém tir 1 dén 4, trong d6 hop chét nay 14 4-
{[4-amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1 f]-
[1,2,4]-triazin-7-yl]metyl } piperazin-2-on,

hodc mudi, hydrat, hodc solvat dugc dung ctia né.

6. Hop chét theo diém bt ky trong s6 cac diém tir 1 dén 5, trong d6 hop chit nay 1a 4-
{[4-amino-6-(metoxymetyl)-5-(7-metoxy-5-metyl-1-benzothiophen-2-yl)pyrolo[2,1 f]-
[1,2,4]-triazin-7-yl]metyl } piperazin-2-on.
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7. Quy trinh diéu ché hop chét c6 cong thirc (I) nhu dwoc xac dinh theo cac diém tir 1

dén 6, dugc dic trung & chd:

[A] 4-aminopyrolo[2,1-f][1,2,4]triazin dugc thé & vi tri 6 c¢6 cong thirc (II):

NH,
—p3
NP
N/

trong do, R® ¢6 nghia nhu dugc xac dinh trong cac diém tir 1 dén 4,

D,

trude tién duge cho phan ng vdi formaldehyt va amin c¢6 cong thic (I11):

R9
HNZ

R10

(11D,

trong do, R® va R!° ¢ nghia nhu duge xac dinh trong cac diém tir 1 dén 4,
g g g

v6i sy co mat cua axit dé thu dugc hop chét ¢ cong thire (IV):

av),

trong d6, R3, R® va R!® c6 nghia nhu duge xac dinh trong cac diém tir 1 dén

4,

sau d6, dugc brom hoa thanh hop chét ¢ cong thirc (V):
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trong d6, R3, R® va R!° ¢6 nghia nhu dugc xac dinh trong céc diém tir 1 dén

4,

va tiép theo, dugc phan mg lién hop véi benzothiophen-2-yl boronat c6

cong thic (VI):

R (VD),
trong d6, R! va R? c¢6 nghia nhu duge xac dinh trong céc diém tir 1 dén 4,
va

R 1a hydro hoic (Ci-Cs)-alkyl, hoic ca hai gbc R dugc lién két cung
v6i nhau dé tao ra céu -(CH2)2-, -C(CH3)2-C(CH3)2-, -(CH2)3-, -CHo-
C(CHs)»-CHa- hoiic -C(=0)-CH,-N(CHj3)-CHz-C(=0)-,

vGi s co mit cta chét xac tac paladi va bazo dé thu dwoc hop chit dich co

cong thuc (I-A):

(I'A):

-256-



20601

trong do, R!, R2, R3, R® va R!° ¢6 nghia nhu dugc x4c dinh trong cac diém

tir 1 dén 4,
hodc
[B] 4-aminopyrolo[2,1-f][1,2,4]triazin dwgc thé & vi tri 6 ¢6 cong thire (II):

NH,

_ 3
NZ _— O—R
~ N/
N~ (ID),

trong d6, R3 ¢ nghia nhu duoc xac dinh trong cac diém tir 1 dén 4,

trude tién duoc formyl hoa bang N,N-dimetylformamit véi sy ¢6 miat cla

phosphoryl clorua thanh aldehyt co cong thirc (VII):

(i),

trong d6, R® c6 nghia nhu dugc xac dinh trong cac diém tir 1 dén 4,

sau d6, dugc brom hoa thanh hop chét c6 cong thirc (VIII):

H (VIID),

trong d6, R3 ¢6 nghia nhur dugc xac dinh trong cac diém tir 1 dén 4,
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va tiép theo, duoc phan tng lién hop vdi benzothiophen-2-yl boronat c6
cong thire (VI):

R1 O_R14
/
A\ e
S O_R14
R? (VD),

trong d6, R!, R? va R!* ¢ cac nghia dugc xac dinh trén day,

v&i s c6 mit clia chét xic tac paladi va bazo dé thu dugc hop chét c6 cong
thire (IX):

(IX),

trong d6, R!, R? va R? ¢6 nghia nhu dugc xac dinh trong céc diém tr 1 dén
4,

hop chét nay sau do:
[B-1] dugc cho phan rng v6i amin c6 cdng thuce (III):

9
_R

HN
SR (1,

trong d6, R? va R1 ¢6 nghia nhu dugc xac dinh trong cc diém tir 1

dén 4,
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v&i su ¢ mit cla axit va chit khir dé thu duoc hop chit dich ¢ cong

thire (I-A):

\R1 ° (I'A)a

trong @6, R!, R, R3, R va R!? ¢4 nghia nhu duogc xac dinh trong céc

diém tr 1 dén 4,
hoac

[B-2] duoc oxy hoa thanh axit carboxylic co cong thirc (X):

X),

trong d6, R!, R? va R3 ¢6 nghia nhu dwoc xac dinh trong céc diém tir 1

dén 4,

va cubi cing duoc phan tng lién hop v6i amin ¢6 cong thire (XI):
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11
_R

HN
\R12 (XI),

trong d6, R!! va R'2 ¢6 nghia nhu dugc xac dinh trong cac diém tir 1

dén 4,

voi su ¢ mit cia chit ngung tu dé thu dugc hop chit dich co cong

thitc (I-B):

(I'B)a

trong d0, R!, R%, R3, R!! va R!? ¢4 nghia nhu dugc xac dinh trong cac

diém tr 1 dén 4,
hodc

[C] 4-amino-5-bromopyrolo[2,1-f][1,2,4]triazin dugc thé & vi tri 6 c6 cong thirc

(X1I0):

NH2 Br

NZ N\= OH

A

(XID)

trude tién duoc cho phan ung lién hgp vdi benzothiophen-2-yl boronat co

cbng thirc (VI):
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R1 O—RM
/
AN g
S O_R14
R? (VD),

trong do, R!, R? va R!* ¢4 cac nghia dugc xac dinh trén dy,

voi su co mit cia chét xic tac paladi va bazo dé thu dugc hop chét co cong

thire (XIIT):

(XTII),

trong do, R! va R? ¢6 nghia nhu dugc xac dinh trong cac diém tr 1 dén 4,
va sau d6 dugc cho phan ing v&i formaldehyt va amin c6 cong thirc (III):

9
_R

HN
SR (1,

trong d6, R® va R'0 ¢6 nghia nhu duoc xac dinh trong céc diém tir 1 dén 4,

v6i su co mit cua axit dé thu duoc hop chit ¢ cong thire (I-C):
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{1-C),

trong d6, R, R?, R® va R!® ¢6 nghia nhu duoc xac dinh trong cac diém tir 1
dén 4,

hop chét nay sau do:

[C-1] dugc oxy hoa thanh aldehyt c6 cong thirc (XIV):

(X1V),

trong d0, R!, R%, R? va R!° ¢ nghia nhu duge xac dinh trong cac diém

tir 1 dén 4,
va duoc xir Iy bing amin ¢ cong thirc (XV):

4
_R

N
SRY(XV),
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trong d6, R* va R’ ¢6 nghia nhu dugc xac dinh trong céc diém tir 1 dén
4,

voi sy c6 mit cua axit va cht khir @ thu dugc hop chit dich c6 cong
thirc (I-D):

(I-D)a

trong do, R!, R2, R* R’ R’ va R!° ¢6 nghia nhu dugc xac dinh trong

cac diém tu 1 dén 4,
hodc

[C-2] dwoc chuyén hoa thanh din xudt 6-(halometyl) twong tng cb cong
thirc (XVI):

ke (XVI),

trong do, RY, R2, R® va R!® ¢6 nghia nhu dugc xac dinh trong céc diém

tr 1 dén 4,

-263-



20601

va
X  laclo, brom hojc iot,
va duoc xir Iy bing rugu c6 cong thire (XVII):

R®*—0OH (XVII),

trong d6, R ¢6 nghia clia R? nhu dugc néu trong cac diém tir 1 dén 4,

ngoai trir khdng phai 13 hydro,

v6i su ¢6 mit cua bazo dé thu dugc hop chit dich c6 cong thirc (I-E):

(I'E):

trong do, R!, R%, R3**, R® va R!% ¢4 cac nghia duoc xac dinh trén day,

tuy y tiép theo, néu thich hop, bang cach (i) tach hop chit ¢6 cong thirc (I) thu
duoc theo cach nay thanh cac chét ddng phan dbi anh hozc chit déng phan
khong dbi quang twong Umg cta ching hoic (i7) chuyén hoa hop chét co cong
thirc (I) thanh hydrat, solvat, mudi clia ching hoic hydrat hodc solvat cia mubi

nay bing cach xtr Iy bing cic dung mdi hoic axit hoic bazo tuong tng.

8. Duoc phdm bao gdm hop chét theo diém bt ky trong sb cac diém tir 1 dén 6 va mot

hoic nhiéu ta duge dugc dung.

9. Duoc phém theo diém 8 con bao gém mdt hodc nhiéu chét diéu tri bd sung.
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